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With modern therapy epileptics enjoy a freedom undreamed of even 


20 years ago. This has stemmed in part from a finer knowledge 


of the disease and more effective help from the antiepileptic 


drugs. Presented here are five distinguished anticonvulsants 


that will help you give your patients that most precious of all 


gifts: 


a normal life. Our literature on our anticonvulsants 


has been newly revised...won't you write for a copy? Obbott 


ANTICONVULSANTS BY ABBOTT 


PEGANONE® 
(Ethotoin, Abbott) 


Newest of Abbott's anti- 
convulsants ... a new hy- 
dantoin of exceptionally 
low toxicity for grand mal 
and psychomotor seizures. 


PHENURONE® 
(Phenacemide, Abbott) 


Used with discretion, will 
often prove successful 
where all other therapy 
fails in treating psycho- 
motor, grand mal, petit 
mal and mixed seizures. 


GEMONIL® 
(Metharbital, Abbott) 


An effective drug with low 
toxicity for treating grand 
mal, petit mal, myoclonic 
and mixed seizures symp- 
tomatic of organic brain 
damage. 


TRIDIONE® 
(Trimethadione, Abbott) 
PARADIONE® 
(Paramethadione, Abbott) 


Two eminently successful 
anticonoulsants for symp- 
tomatic control of petit 
mal, myoclonic and 
akinetic seizures... 
Tridione will often work 
where Paradione won't 
and vice versa. son 
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NEW THERAPY. DEFEAT THE 
MIGRAINE PARADOX 


TRADEMARK 

its relieves headache 

11 - dispels visual disturbances 

its and + overcomes nausea and vomiting 
ott 


*The paradox of migraine — increased nausea due to ergotamine ad- 

ministration — may now be successfully combated with ‘Migral’. The 
:t) recognized benefits of ergotamine and caffeine in ‘Migral’ are favor- 
ably enhanced by the addition of cyclizine hydrochloride, a specific to 
overcome nausea. 


ssful 

— Dosage: 2 to 3 tablets at first warning of an attack, then 1 or 2 tablets every half 
yetit hour; not more than 6 tablets should be taken for any single attack. 

and Supplied: ‘Migral’ tablets, containing ergotamine tartrate 1 mg., ‘Marezine’® brand 
e Cyclizine Hydrochloride 25 mg., and caffeine 50 mg. 

work 


a hed BURROUGHS WELLCOME & CO. (U.S.A.) INC., Tuckahoe, New York 
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‘Compazine’ highly effective with ECT 


Twenty-eight acute schizophrenics received 
a combination of “Compazine’ and electro- 
convulsive therapy. Twenty-six showed 
marked improvement. Patients were calm 
and less apprehensive between treatments, 
and they were readily accessible for psycho- 
therapy. No episodes of vasomotor collapse 
occurred.! 


Compazine 


prochlorperazine, S.K.F. 


Available: Tablets, Spansule* sustained _re- 
lease capsules, Ampuls, Multiple dose vials, 
Syrup and Suppositories. 


Smith Kline & French 
Laboratories, Philadelphia 


1.. Wilcox, F.: Dis. Nerv. System 19:104 (Apr.) 1958. 
*T.M. Reg. U.S. Pat. Off. 
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SOLINE?’ 
T ‘Brand of Primhidone 
A 
| 
raises 


threshold 


Over 100 investigators in 15 countries have clinically demonstrated 
that “Mysoline”—alone or in combination with other anticonvulsants 
— effectively controls grand mal and psychomotor attacks with a high 
degree of safety. No irreversible toxic effects have been reported. 
This is now supported by three years of successful clinical use in the 


United States. 


Supplied: 0.25 Gm. scored tablets, bottles of 100 and 1,000. 


AYERST LABORATORIES + NEW YORK, N.Y. © MONTREAL, CANADA 


“Mysoline” is available in the United States by 
arrangement with Imperial Chemical Industries Ltd. 
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INFORMATION 
FOR Authors 


Nevurotocy, the official publication of the 
American Academy of Neurology, has been in- 
stituted to provide a medium for prompt pub- 
lication of articles dealing with neurology and 
its cognate fields and to stimulate individual 
investigation in these various fields. 

Manuscripts of papers read at meetings of 
the Academy must be filed with the secretary 
at the time of the meeting, and will be pub- 
lished if acceptable to the editorial board. They 
are the property of the Academy, and authors 
who wish to publish them elsewhere must first 
request release. 

Manuscripts submitted for publication (other 
than those read at meetings of the Academy) 
should be sent to Dr. Russell N. DeJong, Uni- 
versity Hospital, Ann Arbor, Michigan. Books 
for review and business correspondence should 
be addressed to Neurotocy, 84 South Tenth 
Street, Minneapolis 3, Minnesota. News items 
related to the American Academy of Neurology 
or to the field of neurology in general are to be 
sent to Dr. Pearce Bailey, 4725 Sedgwick, 
N.W., Washington 16, D.C. 

Manuscripts are accepted for publication on 
condition that they are contributed solely to 
Nevuro.ocy. They must be typewritten, double 
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spaced, and only the original copy should be 
submitted. Illustrations should drawn in 
India ink on white paper with clear lettering. 
Photographs should be glossy prints. Tables 
should be typed on separate sheets. The title 
of the article, name of author, and number of 
figure should be placed on the back of every 
illustration, and the top should be designated. 
Legends for figures should be typed and are not 
to be attached to the illustrations. If the num- 
ber of illustrations or tables is excessive, the 
author will be asked to defray a part of the cost. 

References should be designated in the text 
by superior number, and should be listed at the 
end of the article in numerical sequence. They 
should be typed in the following manner: 

Journal reference: 1. Franxuin, C. R., and 
BricKNER, R. M.: Vasospasm associated with 
multiple sclerosis. Arch. Neurol. & Psychiat. 
58:125, 1947. 

Textbook reference: 2. Wecuster, I. S.: 
A Textbook of Clinical Neurology, ed. 3. Phila- 
delphia, W. B. Saunders Company, 1935, pp. 
194-199. 

Abbreviations should follow the style of the 
Quarterly Cumulative Index Medicus. 

Galley proofs will be sent to authors for 
ge correction. There will be no charge 
or corrections unless excessive alterations are 
made. A schedule of charges for reprints will 
accompany the galley proof. 


Control tremor and rigidity 


In Parkinsonism Parsidol has proved outstandingly effective for controlling tremor and 
muscular rigidity, the principal impairments in this disease.!.2 


With Parsidol most patients show rapid, even dramatic improvement—both in major symptoms 
and in gait, posture, balance and speech. Side effects are minimal. Parsidol is compatible with 
all other antiparkinsonian drugs and its effectiveness may even be increased in combination or 
rotation with such preparations as atropine and dextroamphetamine.3 Parsidol improves the 
patient’s emotional perspective, promotes a more optimistic outlook as physical coordination 
and dexterity return. 


Most patients can be controlled with a maintenance dosage of 50 mg. four times daily. How- 
ever, more severe cases may require up to 600 mg. daily, a dosage level ordinarily well tolerated. 


References: 1. Doshay, L. J.; Constable, K. and Agate, F. J., Jr.: J.A-M.A. 160:348 (Feb.) 1956. 2. Berris, H.: J.-Lancet 74:245 
(Quly) 1954. 3. Timberlake, W. H. and Schwab, R. S.: N. Eng. J. Med. 247:98 (July 17) 1952. 


PARSIDOL 


hydrochloride 


WARNER-CHILCOTT 


Above and right are action pictures, taken 
from a Warner-Chilcott film study, of a 
parkinsonian patient before and after initia- 
tion of Parsidol therapy for major tremor. 
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CHEMICALLY IMPROVED — beneficial proper- 
ties potentiated . . . unwanted effects reduced, 
through modification of the phenothiazine struc- 
ture 


PHARMACOLOGICALLY IMPROVED-¥ en- 
hanced potency with far less sedative effect 


CLINICALLY IM PROVED-~ does not oversedate 
the patient into sleepiness, apathy, lethargy... 
active and rapid in controlling manic excitement, 
psychotic agitation and panic, delusions and hal- 
lucinations, hostility, and intractable behavior... 
drug-induced agitation minimal 


AND IN EXTENSIVE CLINICAL EXPERIENCE — 
SINGULARLY FREE FROM TOXICITY 


IN SCHIZOPHRENIA / MANIC STATES/ PSYCHOSES ASSOCIATED 
WITH ORGANIC BRAIN DISEASE 


effects smooth and rapid control of psychotic symp- 
toms facilitates insight permits 
early introduction of psychotherapy —————> im- 
proves patient-personnel relationship ——> hastens 
social rehabilitation 


Squibb Triflupromazine Hydrochloride 


the new, improved agent for better 
management of the psychotic patient... 
with greater freedom from toxicity 


DOSAGE: 

Oral route—usual initial dosage, 25 mg., t.id. Adjust 
dosage according to patient response. (Observe caution 
in giving daily oral doses in excess of 300 mg.) 
Intramuscular route—suggested dosage, 20 mg., t.i.d. (Ob- 
serve caution in exceeding daily intramuscular doses of 
150 mg.) 

(See package insert for additional information) 

Oral Tablets: 10 mg., 25 mg., 50 mg. press-coated tablets 
in bottles of 50 and 500 

Parenteral Solution: 1 cc. ampuls (20 mg./ce.) 


Squibb Quality— 
The Priceless Ingredient 
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GRASS 
INSTRUMENTS 
FOR 
PHYSIOLOGICAL 
RESEARCH 
AND 
CLINICAL 
APPLICATION 


SHOWN ABOVE 
IT 1 RACKMOUNT INSTRUMENT TABLE. 
C 4 KYMOGRAPH CAMERA. 
S 4 STIMULATORS. 
P 5 A.C. PRE-AMPLIFIERS. 
P 6 D.C. PRE-AMPLIFIER WITH HIGH IMPEDANCE PROBE. 
LS 1 LOUDSPEAKER MONITOR. 
BC 2 BATTERY CHARGER. 
OTHER INSTRUMENTS 
SIU 4 STIMULUS ISOLATION UNIT. 
P 7 D.C. HIGH IMPEDANCE PROBE. 
PS 1 PHOTO STIMULATOR. 
FT.03 and FT1O0 FORCE TRANSDUCERS. 
PT 5 VOLUME TRANSDUCER FOR PLETHYSMOGRAPHY. 
CONTROL CIRCUIT FOR WOOD OXIMETER EAR PIECE. 
CORTICAL and DEPTH ELECTRODES. 
POLYGRAPH, MODEL 5 
ELECTROENCEPHALOGRAPHS, SERIES Ill AND IV. 


CONVERTERS TO ALLOW TRANSDUCERS AND D.C. POTENTIALS TO 
RECORD ON MODEL Ill ELECTROENCEPHALOGRAPHS. 


GRASS INSTRUMENT COMPANY 
101 OLD COLONY AVENUE - QUINCY, MASS 
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“Doctors can’t help shingles?” 


Physicians who have used PROTAMIDE extensively deplore such 
statements as unfortunate when they appear in the lay press. They 
have repeatedly observed in their practice quick relief of pain, 
even in severe cases, shortened duration of lesions, and 


greatly lowered incidence of postherpetic neuralgia when 


PROTAMIDE was started promptly. A folio of reprints is 
iF available. These papers report on zoster in the elderly— 


the severely painful cases — patients with extensive 


lesions. PROTAMIDE users know “shingles” can be helped. 


PROTAMIDE' 
©fherman Leboratories 


Detroit 11, Michigan 
Available: Boxes of 10 ampuls—prescription pharmacies. 


PROTA mipe® 
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anxiety 
is the voice 
of stress 


in t 
practice. 


EQUANIL 
Meprobamate 
PHENERGAN® HCI 

Promethazine HCl 
SPARINE® HCI 


Promazine HCI 
Li Meprobamate 
® 


A Wyeth normotropic drug for nearly 
every patient under stress Philadelphia 1, Pa. Relieves tension— mental and muscular 
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“anxiety, in one form of another, 
ig the most common symptom 
confronting the practicing physician 
Holister, LH. Dis. Nerv. System 17:289 
(Sept.) 1956. 
Whether anxiety iS primary or secondary r 
to organic jJiness, it is an obstacle to s 
successful treatment. EQuANIL alleviates 
stress reactions; reduces anxiety, tension, 
‘ and insomnia, and thus contributes to t 
total patient management. Of all atarac- 
tic drugs, EQU anti has the proadest usage 
Bi problems of everyday 
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multiple sclerosis 


Jack Hasson, M.D., Robert D. Terry, M.D. and 
H. M. Zimmerman, M.D. 


THE PERIPHERAL NERVES have always received 
scant attention in the study of multiple sclero- 
sis. Many excellent reviews of the subject ig- 
nore the nerves entirely, while a few note that 
the disease process never involves neural tis- 
sue beyond that point in the spinal roots where 
glial elements are replaced by Schwann cells. 
The student is thus left to infer that in mul- 
tiple sclerosis the nerves are invariably normal. 
It is the purpose of this paper to point out 
that, while the specific lesion of multiple scle- 
rosis, the demyelinated plaque, is not found 
peripherally, the nerves are otherwise quite 
frequently diseased. 

Among 82 cases of multiple sclerosis which 
have been studied anatomically at Montefiore 
Hospital, samples of peripheral nerves were 
available from only 20 patients. However, the 
six cases observed most recently had nerves 
from all four extremities available for exam- 
ination. Of these six cases, four had a signifi- 
cant degree of peripheral neuropathy. The 
alterations were of the diffuse type, affecting 
mainly the medullary sheaths. This is com- 
monly found in malnutrition’? Frequently 
this type of degeneration can be correlated 
with the cachexia and anemia which occur 
during the terminal stages of many debilitating 
diseases. 

Case histories of four patients with sig- 
nificant peripheral demyelination in multiple 
sclerosis are presented in some detail. A sum- 
mary of the data concerning all 20 patients 


from whom peripheral nerves were available 
for study is offered in table 1. 


CASE HISTORIES 


Case 1. A 32 year old woman was readmitted 
to Montefiore Hospital for the second time on 
May 26, 1955, because of massive decubiti in- 
volving the sacrum and the trochanters and ankles 
of both legs. 

The illness began at 13 years of age with peri- 
odic lapses of memory. Grand mal convulsions 
ensued the following year and recurred at ap- 
proximately monthly intervals until death, despite 
treatment with barbiturates and Dilantin. Recur- 
ring episodes of weakness of the arms and legs be- 
gan at the age of 26 and became severe enough 
to render the patient bedridden by the following 
year. 

She was admitted to the hospital for the first 
time on May 12, 1954. At that time the general 
physical examination was noncontributory. Neu- 
rologic examination revealed impaired mentation 
and scanning, slurred speech. She was incontinent 
of urine and feces. The findings reflected involve- 
ment of the optic nerves, the right fifth cranial 
nerve, the pyramidal system bilaterally, and the 
cerebellum. She exhibited sporadic choreoathetotic 
movements of both arms. Sensory examination re- 
vealed complete loss of vibration sense in the 
legs, but other sensory functions could not be test- 
ed adequately. The blood hemoglobin was 11.5 
gm. per cent. Cerebrospinal fluid manometrics 
were normal. The spinal fluid total protein was 
42 mg. per cent, with 25 per cent gamma glob- 
ulin. A clinical diagnosis of multiple sclerosis was 


From the laboratory division, Montefiore Hospital, New 
York City. 

This study was aided by a grant (No. 73-3) from the 
National Multiple Sclerosis Society. 
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TABLE 1 
SUMMARY OF FINDINGS IN 20 CASES OF MULTIPLE SCLEROSIS WITH PERIPHERAL NERVE EXAMINATION 
Dura- Last 
tionof Hemo- Nutrition Peripheral Microscopic Findings Necropsy Findings 
Age Illness’ globin Decu- (at Nerves Demyelin- Visible Other Than Mul- 
Case (Years) Sex (Years) (Grams) biti Autopsy) Examined ation Fat tiple Sclerosis 
1. 42 M 6 13.5 0 good Brachial plexus, 0 0 Cellulitis, erysipelas, 
tibial and femoral septicemia, acute cyst- 
(intra-abdominal ) itis and prostatitis, 
ocal pneumonia 
2 62 12 13.0 0 good Femoral (intra- 0 0 Focal pneumonia 
abdominal) 
3 36 11 13.5 0 good Radial, median, } 0 Generalized arterio- 
posterior tibial sclerosis, acute brain 
stem hemorrhage, 
lipoid pneumonia 
4 29 F 12 11.0 0 good Femoral (intra- 0 0 Pyelonephritis, 
abdominal ) lipoid pneumonia 
5 43 F 7 8.5 + poor Brachial and sci- 0 0 Pyelonephritis, 
atic plexuses chronic pneumonitis 
and esophagitis 
6 70 F 25 12.0 0 good Ilioinguinal and 0 + Perforated 
femoral (intra- peptic ulcer 
abdominal) 
7 41 F 16 8.0 4 emaciated Sacral and bra- 4. 0 Chronic hemorrhagic 
chial plexuses cystitis 
8 30 F 8 13.0 0 good Femoral (intra- 0 0 Craniopharyngioma 
abdominal) 
9 42 F 9 5.5 emaciated Femoral (intra- ae + Chronic cystitis and 
abdominal ) pyelitis, secondary 
amyloidosis, focal 
pneumonia 
10 54 M 12 9.5 emaciated Lumbar and bra- : + Purulent meningitis, 
chial plexuses duodenal ulcer with 
hemorrhage 
11 36 F 7 13.5 0 good Femoral (intra- 0 0 Focal pneumonia, 
abdominal) chronic cystitis, gas- 
tromalacia with 
perforation 
12. 45 F 11 13.5 0 good Femoral (intra- 0 0 Chronic pneumonitis, 
abdominal) cystic chromopho 
adenoma of pituitary 
13 47 M 6 ~- + emaciated Brachial and ++ + Lipoid pneumonia, 
lumbar plexuses lung abcesses, 
thrombosis of inferior 
vena cava 
14 58 F 28 9.0 0 emaciated Median, ulnar and 0 0 Necropsy limited to 
posterior tibial nervous system. Clin- 
ical diagnosis: ab- 
dominal neoplasm 
15 42 F 14 6.0 + emaciated Brachial and ae a Chronic cystitis, acute 
(preterminal) lumbar plexuses, gastritis, focal pneu- 
thoracic sympa- monia 
thetic 
16.* 32 F 19 8.0 + emaciated Median, ulnar, +4 +4--++4 Acute bronchiolitis 
posterior tibial, 
femoral (intra- 
abdominal), tho- 
racic sympathetic 
17.* 49 15 13.0 +. emaciated Median, ulnar, ah 0 Pulmonary fibrosis 
posterior tibia} and emphysema 
18.* 71 31 13.0 0 emaciated Médian, ulnar, pH +o Chronic pyelonephri- 
posterior tibial tis, myocardial scar, 
aspiration pneumonia 
19.* 24 F 8 7.5 + emaciated Median, ulnar, tot 0 Lipoid pneumonia, — 
posterior tibial acute tracheobronchi- 
tis, pyelonephritis, 
rheumatic mitral 
stenosis 
20. 74 F 30 0 good Median, ulnar, -p 0 Acute tracheobronchi- 


posterior tibial 


tis, pulmonary em- 
physema 


*Cases 16, 17, 18, and 19 represent cases 1, 2, 3, and 4, respectively, in the case histories presented in detail. 
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Fic. 1. Case 1. Optic chiasm in myelin sheath stain, revealing plaques and extensive demyelination. Kult- 


schitzky stain. 


Fic. 2. Case 1. Multiple plaques of demyelination in pons, especially extensive in floor of fourth ventricle. 
Note plaque (arrow) in fifth cranial nerve. Kultschitzky stain. 


made and the patient was discharged unimproved 
on May 29, 1954. 

From February to March 1955 she was a patient 
in another hospital, where she was said to have 
been on a “hunger strike.” She was readmitted to 
Montefiore Hospital for the second time on May 
26, 1955, when the general physical examination 
revealed rales at both lung bases, in addition to 
the decubiti. The neurologic findings were similar 
to those noted a year previously, with the addi- 
tion of marked intellectual deterioration. The 
blood hemoglobin was 8.5 gm. per cent. 

Supportive therapy and attention directed to 
the ulcerations yielded poor results. The only vi- 
tamin therapy was given during this admission 
and consisted of three multivitamin tablets daily. 
The patient expired on June 22, 1955 after a 
course of illness lasting 19 years. 

Autopsy. The patient was emaciated and mas- 
sive decubiti exposing bone and necrotic muscles 
were present about the pelvis, knees, and both 
ankles, There were widespread muscular atrophy 
and terminal acute bronchiolitis. 

There were plaques of demyelination in the 
cerebral hemispheres, including the basal gan- 
glions, as well as in the cerebellum, brainstem, 
and spinal cord. In Nissl preparations of the 
brain, variable degrees of gliosis with absence of 
foamy macrophages were and sug- 
gested that the came were old. A diffuse pale- 
ness of the white matter was evident in Kultschitz- 
ky preparations of the centrum ovale and cere- 
bellum, in addition to the classic discrete demyel- 
inated plaques. Large plaques were found in the 
spinal send, encompassing both gray and white 
matter and at times involving almost all of the 
transverse area. Sudan III preparations of the 
spinal cord revealed small amounts of phagocy- 
tosed fat around the periphery of some of the 
plaques, which were generally old. Plaques were 
also found in the optic nerves (figure 1), the 
tight fifth cranial nerve (figure 2), and several 


anterior and posterior nerve roots of the spinal 
cord. The right acoustic nerve contained a num- 
ber of demyelinated fasciculi (figure 3). 

Segments of the sympathetic chain, the median 
and ulnar nerves, and the posterior tibial nerve 
were studied in preparations stained by the Kult- 
schitzky and Spielmeyer methods and with Su- 
dan III. Changes were found only in the median 
and ulnar nerves. The slides stained for myelin 
sheaths revealed a diffuse neuropathy, with loss 
of some medullary fibers and vacuolation and 
fragmentation of persisting myelin (figure 4). 
The preparations stained for fat disclosed large 
amounts of neutral fat which were distributed 
diffusely as free and phagocytosed droplets be- 
tween the nerve fibers (figure 5). 

Case 2. This was the second Montefiore Hos- 
pital admission on November 29, 1955 for a 48 
year old man with known multiple sclerosis. He 
was readmitted because of progression of disabling 
weakness of the legs. 

Fourteen years previously he had noted onset 
of weakness and spasticity of the left leg. Despite 
several remissions in the ensuing four years, the 
leg became progressively weaker and eventually 
the use of a cane was required. 

He was admitted with these complaints for the 
first time on September 22, 1945. General physical 
examination at that time was negative. Neurologic 
examination revealed a spastic gait, with dragging 
of the left foot. There was extreme weakness of 
this extremity and slight weakness of the left arm. 
The left calf muscles were atrophic, and hyper- 
active reflexes were elicited in both legs ma in 
the left arm. Bilateral Babinski and left Hoffmann 
signs were present. Sensory examination revealed 
normal findings. The finger-to-nose test disclosed 
bilateral intention tremors, and nystagmus was 
noted on lateral gaze. The blood hemoglobin was 
15.5 gm. per cent. Lumbar puncture disclosed 
normal cerebrospinal fluid manometrics. The cere- 
brospinal fluid total protein was 47 mg. per cent. 
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A diagnosis of multiple sclerosis was made and he 
was discharged as subjectively improved on Oc- 
tober 24, 1945. 

The patient was ambulatory with the aid of a 
cane until 1948, when progressive weakness of the 
legs forced his confinement to a wheelchair. Ex- 
cept for periodic episodes of fecal incontinence, he 
remained symptomatically stable until two weeks 
prior to the present admission on November 29, 
1955, when severe weakness of the legs and pro- 
gressive weakness of the left arm made it impos- 
sible for him to get out of bed unaided. Fecal in- 
continence recurred during this interval. His nu- 
tritional status was poor during the last six years, 
primarily because his wife was employed full time 
and could not devote herself to his care. 

General physical examination revealed an ema- 
ciated, chronically ill man. There was a fresh de- 
cubitus over the left greater trochanter. The left 
knee and hip were contracted in flexion, There was 
profound weakness of all four extremities, with 
advanced muscular atrophy. The reflexes in the 
arms and legs were either absent or hypoactive. 
Bilateral Babinski signs were elicited. Vibration 
sense was impaired distal to the elbows and 
knees; position sense was diminished in both legs. 
However, pain and touch sensations were intact. 
Astereognosis was present bilaterally. The right 
arm exhibited intention tremors on the finger-to- 
nose test. There was flattening of the left naso- 
labial fold. The gag reflex was absent. A lumbar 
puncture revealed normal manometric measure- 
ments. The total spinal fluid protein was 72 mg. 
per cent. Blood hemoglobin was 13.0 gm. per cent. 

The seven-month hospital course was character- 
ized by the development of multiple decubiti over 
the sacrum and legs which were treated conserva- 
tively. The patient received no vitamin therapy. 
He declined gradually and expired on June 21, 
1956, after a 15-year course of illness. 

Autopsy. The body was extremely emaciated 
and there were multiple decubiti over the sacrum, 
buttocks, left hip, al about the knees and ankles. 
The lungs showed moderate pulmonary fibrosis 
and emphysema. 

Examination of the nervous system revealed 
widely disseminated demyelinated plaques in the 
cerebral hemispheres, cerebellum, brainstem, and 
spinal cord. The plaques in the cerebral hemi- 
spheres involved the central white matter, corpus 
callosum, basal ganglions, and cortical gray mat- 
ter. Nissl preparations revealed that the lesions 
were of varying duration. Some plaques were hy- 
percellular throughout and contained macrophages 
as well as glial elements. Perivascular cuffing with 
lymphocytes was seen in the vicinity of such 
lesions. Other foci had peripheral hypercellularity 
with gliotic hypocellular centers. The plaques in 
the spinal cord involved both gray and white 
matter and exhibited a small amount of free fat 
in Sudan III preparations. Scattered nerve roots 
also contained plaques. 

Kultschitzky, Spielmeyer, and Sudan III prepa- 
rations were made of segments of the median and 


posterior tibial nerves and the sympathetic chain, 
The last was intact, but demyelination of iso. 
lated fibers and groups of fibers was observed in 
both the median and posterior tibial nerves. Onl 
small amounts of neutral fat, distributed mainh 
in macrophages, were observed in the Sudan II] 
preparations. This suggested that the demyelinat- 
ing process was old. 

Case 3. A 71 year old man was admitted to 
Montefiore Hospital for the first time on April 18, 
1956, because of an infection of the urinary tract. 

At 40 years of age he noticed transient stiffness 
of the right calf. He remained well for three years, 
when progressive weakness of the right leg caused 
limitation of walking. This disability increased in 
severity during the next four years, The patient 
remained symptomatically stable between the ages 
of 47 and 51 years and then numbness of the right 
calf developed. At 54 years of age numbness of 
the right index finger appeared, with impaired per- 
formance of skilled acts. Burning on urination oc- 
curred at this time. Slight haziness of vision en- 
sued at 56 years of age and increasing weakness 
of the right leg became prominent. 

These symptoms occasioned his admission to 
another institution on July 26, 1942 at age 57. 
At that time the patient was undernourished, but 
the general physical examination was otherwise 
noncontributory. Neurologic examination revealed 
weakness of the right leg, with hyperactive re- 
flexes and ankle clonus. A right Babinski sign was 
elicited. Vibration sense was lost below the level 
of Li. The other sensory modalities were intact. 
The heel-to-shin test on the right disclosed ataxia. 
There was dysdiadochokinesis and visual acuity 
was impaired. The blood hemoglobin was 148 
gm. per cent. Cerebrospinal manometric measure- 
ments were normal with no evidence of a block. 
The spinal fluid protein was 23 mg. per cent. 
Gastric acidity was normal. A diagnosis of mul- 
tiple sclerosis was made and the patient was dis- 
charged on August 7, 1942. 

Between the ages of 57 and 68 years, the weak- 
ness of the right leg increased and the left leg 
became progressively weaker, eventually forcing 
him to become bedridden. Permanent urinary in- 
continence ensued at 68 years of age, necessitating 
an indwelling catheter. During the month prior 
to admission to Montefiore Hospital, he suffered 
episodes of flank pain, fever, and pyuria. 

At this admission on April 18, 1956 the gen- 
eral physical examination revealed an undernour- 
ished, chronically ill, paraplegic, elderly male with 
an indwelling catheter. There was no costoverte- 
bral angle tenderness. Neurologic examination 
demonstrated slight weakness of the arms, with 
atrophy of the intrinsic muscles of the hand. The 
legs were paralyzed and exhibited advanced mus- 
cular atrophy. The deep tendon reflexes in the 
arms were normally active. The knee jerks were 
hyperactive and the ankle jerks were absent. Bi- 
lateral Hoffmann and Babinski signs were elicited. 
Vibration sense was absent in both legs and posi- 
tion sense was impaired. Pain, temperature, and 
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touch sensations were iutact. There was minimal 
ataxia on the finger-to-nose test bilaterally. Ex- 
amination of the cranial nerves did not indicate 
altered function. 

The blood hemoglobin was 13 gm. per cent. 
Cerebrospinal fluid manometrics were normal. The 
spinal fluid total protein was 48 mg. per cent, with 
12.5 per cent gamma globulin. Urinalysis revealed 
a specific gravity of 1.006, 4 plus albuminuria, and 
numerous red blood cells. Urine culture yielded 
E. coli. A cervical myelogram was normal. 

The hospital course was characterized by re- 
peated episodes of urinary tract infection, with 
rises in temperature to 103° F. In addition, there 
was an auricular flutter with a 2:1 block which 
was treated with digitalis. The urinary tract infec- 
tion was treated with penicillin, streptomycin, and 
Furadantin. No vitamin therapy was given. The 
patient became dehydrated and developed acidosis 
terminally. An electrocardiogram on the day be- 
fore death revealed a nodal rhythm with a wan- 
dering pacemaker. Vigorous attempts to treat the 
urinary tract infection and to correct dehydration 
were to no avail, and the patient expired on July 
10, 1956, after a 31-year course of illness. 

Autopsy. The patient was emaciated but there 
were no ulcerations of the skin. The intrinsic mus- 
cles of the hands and the muscles of both legs 
were atrophied. Foci of bronchopneumonia were 
found in Both lungs. The heart weighed 290 gm. 
There was moderate narrowing of the left coro- 
nary artery and incomplete occlusion of its anterior 
descending branch by an_ old arteriosclerotic 
plaque. The anterior wall of the left ventricle con- 
tained a large, incompletely healed infarct. The 
urinary bladder was normal in size but was the 
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Fic. 3. Case 1. Longitudinal section of eighth cranial 
nerve. Note fascicular demyelination. Kultschitzky 
stain. 


Fic. 4. Case 1. Right median nerve. Extensive my- 
elin breakdown as seen in the peripheral neuropathy 
of avitaminosis. Kultschitzky stain. 


Fic. 5. Case 1. Right median nerve. Phagocytosis of 
fatty droplets between fasciculi, as well as intra- 
medullary fatty degeneration. Sudan III stain. 


seat of a chronic ulcerative cystitis. The right and 
left kidneys weighed 130 and 100 gm., respec- 
tively; both exhibited large, 
scars as well as injected, thickened pelves. There 
were also streaks of purulent exudate extending 
from the papillae to the cortex and bilateral cor- 
tical abscesses. Microscopically, the changes of 
chronic and acute pyelonephritis with cortical ab- 
scesses were apparent. There was also bilateral 
chronic and acute ureteritis. 

Scattered small, demyelinated plaques were 
present in the cerebral hemispheres, brainstem, 
cerebellum, and optic nerves. Those in the cere- 
bral hemispheres were distributd chiefly in the 
white matter, but occasionally involved adjacent 
cortical gray matter and portions of the basal 
ganglions. Nissl preparations revealed that most 
of the plaques were old and contained variable 
degrees of gliosis. In Kultschitzky preparations of 
the optic nerves and brachium pontis there were 
discrete small zones of fading of the myelin, so- 
called “shadow plaques,” which possibly repre- 
sented early lesions. Scattered “shadow plaques” 
were also observed in the spinal cord but, in ad- 
dition, more typical plaques were present in both 
white and gray matter at all levels. These plaques 
varied in age and were comparable with those 
seen in the brain. The anterior and posterior nerve 
roots of the cord at many levels also exhibited 
small scattered plaques. The posterior columns in 
the cervical cord were replaced by diffuse demy- 
elination, with abundant free fat seen in Sudan III 
preparations. The confinement of this lesion to the 
fibers of the posterior columns was indicative of 
ascending demyelination rather than of the dis- 
seminated plaques of multiple sclerosis. 
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The right ulnar and posterior tibial nerves re- 
vealed diffuse demyelination of fascicular groups, 
with vacuolation and fragmentation of the per- 
sisting medullated fibers (figure 6). Abundant 
neutral fat, predominantly distributed as phago- 
cytosed pall eg was apparent in Sudan III prep- 
arations (figure 9). In addition, focal perivascular 
exudates of lymphocytes and plasma cells were 
present in the perineurial and endoneurial con- 
nective tissue. 

Case 4. A 19 year old girl was admitted to 
Montefiore Hospital for the second time on July 
25, 1951, because of progression of disabling 
symptoms of multiple sclerosis. 

The patient was well until three years previous- 
ly, when she experienced a transient, four-day epi- 
sode of paresthesias in the right arm and leg with 
clumsiness of the right hand. Six months later 
these symptoms recurred and the right hand be- 
came permanently weak. In the ensuing six-month 
period she developed weakness of both legs, epi- 
sodes of diplopia, and bouts of urinary retention 
necessitating catheterization. On the day prior to 
her first admission to Montefiore Hospital on 
August 5, 1949, she became incontinent of urine. 
A general physical examination at that time re- 
vealed that the patient was well nourished. The 
murmurs of mitral insufficiency and stenosis were 
heard. Neurologic examination disclosed a broad- 
based, ataxic gait. Muscle power was weak in all 
extremities. The reflexes were hyperactive and 
bilateral Babinski and Hoffmann signs were elic- 
ited. There were hypesthesia to pinprick stimula- 
tion and absence of vibration and position sense in 
the hands and feet. Ataxia was Seonantianal in 
the finger-to-nose and heel-to-shin tests bilaterally. 
There was nystagmus on upward gaze. Bilateral 
temporal pallor of the retinas was noted. Paresis 
of both external rectus muscles of the eyes was 
present. 

On supportive therapy the urinary incontinence 
cleared and the patient became ambulatory. She 
was discharged to her home on June 22, 1950, 
where she remained stable until eight months prior 
to the present admission. At that time coarse in- 
tention tremors developed in the right and then 
in the left arm. Increasingly frequent episodes of 
urinary incontinence also became a problem. Pro- 
gressive weakness of the legs, diplopia, and thick, 
slurred speech developed in the two months prior 
to the second admission on July 25, 1951. 

The findings on general physical examination 
were the same as those noted on the previous ad- 
mission, but the neurologic findings reflected pro- 
— of the disease. Weakness of the legs had 
orced confinement to a wheelchair. There were 
signs of bilateral involvement of the pyramidal 
tracts with spasm of the leg muscles. Vibration and 
position senses were absent in the legs and dimin- 
ished vibration sense was noted in the arms. The 
other sensory modalities were intact. Nystagmus 
and coarse intention tremors affecting head and 
arm movements were prominent. Bilateral tempo- 
ral field defects were present. There was diplopia 


on lateral and upward gaze. Speech was typically 
scanning and slurred, and intellectual deteriora- 
tion was, evident. 

The blood hemoglobin on admission was 12.5 
gm. per cent and decreased steadily to levels of 
7 to 8 gm. per cent by the time of death. Cere- 
brospinal fluid manometric measurements were 
normal. The spinal fluid total protein was 48 mg. 
per cent on admission; at one time it was as 
high as 69 mg. per cent, with 15 per cent gamma 
globulin. 

The patient remained at Montefiore Hospital for 
five and one-half years until her death on January 
28, 1957, after eight years of illness. The course 
was marked by steady deterioration. She eventu- 
ally became completely bedridden, incontinent of 
urine and feces, and terminally led an almost 
vegetative existence. Vitamin therapy was sporadic 
and often refused by the patient. Early in the 
course she developed a large sacral decubitus 
which never healed. A rhizotomy of the anterior 
lumbar nerve roots was performed in February 
1954 to relieve severe flexion contractures of the 
legs. Finally, an indwelling catheter caused re- 
peated bouts of urinary bladder infection which 
were treated with antibiotics. 

Autopsy. The body was emaciated and exhib- 
ited a large sacral decubitus. The lungs were the 
site of bilateral chronic aspiration pneumonitis in- 
volving the lower lobes. The heart weighed 220 
gm. There was a mild stenosis of the mitral valve 
due to healed rheumatic valvulitis. Chronic cystitis 
was present. 

Examination of the nervous system disclosed 
mild atrophy of the cerebral convolutions and of 
the midbrain and pons. Many anatomic land- 
marks in the cerebral and sr os hemispheres 
and in the brainstem were altered by plaques of 
demyelination which varied from 1 mm. to 2 cm. 
in greatest diameter. Many plaques were intensely 
gliotic and offered considerable resistance to the 
cutting knife. Aside from the specific lesions of 
multiple sclerosis, secondary atrophy of the cor- 
pus callosum, centrum ovale, and pyramidal sys- 
tem was apparent. The spinal cord was severely 
involved by large plaques which occupied almost 
the entire transverse surface areas. The optic 
nerves and spinal nerve roots were similarly af- 
fected. 

Spielmeyer preparations of the median, ulnar, 
and posterior tibial nerves were studied and re- 
vealed large numbers of fibers which were com- 
pletely demvelinated (figure 8). Persisting myelin 
sheaths exhibited vacuolation and fragmentation. 
Sudan III preparations showed only a few scat- 
tered phagocytosed droplets of neutral fat in the 
median and ulnar nerves. More free fat was ap- 
parent in the posterior tibial nerves. 


DISCUSSION 


The cases presented here in detail, as well 
as those summarized in table 1, were classic 
examples of multiple sclerosis both clinically 
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and anatomically. In addition, the peripheral 
nervous systems of a number of these cases 
presented demyelinating lesions which have 
been described in multiple sclerosis only rarely. 
One such case was described in 1903 by 
Strihuber,? who found spinal nerve root in- 
volvement and degeneration of the nerve fibers 
along the whole piece of the sciatic nerve 
which was available to him for study (case 1). 
Fat was present between individual nerve fi- 
bers and between groups. The author felt that 
this was one and the same process with mul- 
tiple sclerosis. 

In 1907 Schob* described similar findings 
in a single nerve. Flatau and Koelichen® noted 
irregular, vacuolated medullary fibers in three 
peripheral nerves of a patient with multiple 
sclerosis. Some of the fibers were interrupted 
and only occasional normal axons remained. 
Siemerling and Raecke* apparently regarded 
Flatau’s case as due to “toxic” neuritis rather 
than multiple sclerosis. Dawson’s monograph™ 
of 1914 contained the only case previously re- 
ported in the English literature. The periph- 
eral nerves were examined in but one of his 
nine patients; Marchi-positive material was 
found in one sciatic nerve, while the popliteal, 
peroneal, and median nerves were normal bi- 
laterally. This patient, incidentally, was de- 
scribed as “fairly well nourished” at the time 
of death. 


Fic. 6. Case 3. Right ulnar nerve. Extensive demy- 
lination along fasciculi. Note that this demyelinative 
process is not plaque-like. Kultschitzky stain. 

Fic. 7. Case 3. Right ulnar nerve. Interfascicular 
fat particles still present, both free and phagocytosed. 
Many fasciculi replaced by fibrous diese. Sudan III 
stain. 


Fic. 8. Case 4. Posterior tibial nerve. Complete de- 
myelination of some yer stain. 


More recent extensive reviews of the patho- 
genesis* and pathology® of multiple sclerosis 
have made no mention of peripheral neuropa- 
thy or of demyelination in peripheral nerves in 
this condition. The most recent review by 
Adams and Kubik’® stated that “the proximal 
parts of the spinal and cranial nerve roots are 
often involved but in our material the lesions 
never extended peripheral to the transition 
zone where ciigodendroglia and astrocytes give 
way to Schwann cells and fibroblasts.” 

It is well known that in all types of periph- 
eral neuropathy the distal portions of the 
nerves are affected most severely. In six of 
our 20 patients the median and ulnar nerves 
at the wrists and the posterior tibial nerves 
below the knees were examined. Pathologic 
alterations were found in five of these cases, 
of which four had lesions of a severe degree. 
In eight additional cases only fragments of the 
major nerve plexuses were available; in five 
of these cases the demyelination was moderate 
and in one case it was severe. Samples of 
femoral nerves only were obtained for exam- 
ination in each of the remaining six cases. In 
one case there was severe degeneration; the 
others disclosed no destruction of myelin. In 
summary, the peripheral nerves of six of the 
20 cases were severely demyelinated, while six 
additional cases demonstrated slight to mod- 
erate lesions. The highest incidence and the 
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severest degree of demyelination occurred in 
those cases in which multiple, distal peripheral 
nerves were examined. 

The symptoms of peripheral neuropathy in 
these patients were apparently masked by the 
central lesions of multiple sclerosis. Pain and 
other sensory disturbances such as paresthesias, 
as well as muscle weakness, were not attrib- 
uted to existing neuropathy in a single case. 

None of the peripheral nerve lesions were 
focal or plaque-like; all consisted of fascicular 
demyelination over long stretches. This ap- 
pearance of the peripheral lesions, being quite 
unlike the disseminated patches or plaques of 
multiple sclerosis seen in the central nervous 
system, casts some doubt on the theory of a 
single pathogenesis. On the other hand, de- 
myelination of peripheral nerves of the type 
described in these patients has been frequently 
observed in the course of malnutrition with 
avitaminosis. That all six patients with severe 
neuropathy were malnourished was apparent 
from the fact that all were emaciated and five 
of them had decubiti. These ulcers are closely 
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related to states of malnutrition. In passing, 
it should be noted that none of the patients 
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SUMMARY 


The peripheral nervous system was studied 
anatomically in 20 cases of multiple sclerosis. 
In six cases there was a severe degree of dif- 
fuse demyelination, while in six additional 
cases the demyelination was slight to mod- 
erate. The lesions affected nerve fibers over 
long distances; nowhere were they plaque-like 
in appearance. This morphologic characteristic, 
in addition to the fact that the distal segments 
of the nerve trunks were most severely de- 
generated, was interpreted as indicating that 
the periphreal neuropathy was not comparable 
to the “central” lesions seen in disseminated 
sclerosis. Further, because the neuropathy 
occurred almost exclusively in emaciated pa- 
tients, it was attributed to malnutrition and 
the attendant avitaminosis. 
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@ The Greek writers seem to have considered apoplexy and palsy as diseases of 
the same nature. Aretaeus says, apoplexia, paraplegia, paresis, and paralysis, are all 
of the same kind, and consist in a defect of sensation, or of motion, or of both. 
Apoplexy is a palsy of the whole system; of mind, of sense, and of motion. Galen 
says, when all the nerves have lost sense and motion together, the disease is called 
apoplexy: when this happens to a part only, whether the right or the left, it is called 


y all the Greek physicians. 


agp." The sentiments of Aretaeus and Galen on this subject were, I believe, adopted 


John Cooke in A Treatise on Nervous Diseases, 
published in 1824. 


be 

m 

lis 

de 

hi 

ar 

in 

in 

th 

th 

of 

in 

er 

tic 

th 

m 

in 

RE 

ed 

ce 

te 

ch 

to 

di 

th 

re 

m: 

so 

oc 

m 

m 

deo 

m 

fu 

be 

se 


Neurologic manifestations 


of myxedema 


Stewart N. Nickel, M.D. and Boy Frame, M.D. 


Tx= Major clinical features of myxedema have 
been well known since the Myxedema Com- 
mission of the Clinical Society of London pub- 
lished its study of 109 cases in 1888.! The en- 
docrinologic and cardiovascular manifestations 
have been especially well defined. However, an 
analysis which critically and objectively exam- 
ines the extent of nervous system involvement 
in patients with myxedema is not currently 
available in the literature. Textbooks about the 
thyroid devote little space to the subject and 
those on neurology even less. It is the purpose 
of this paper to present the neurologic picture 
in primary myxedema, as reported from the lit- 
erature and from the case records of 100 pa- 
tients at this hospital. The results indicate that 
the nervous system is significantly involved in 
myxedema and that some of the major and 
initial manifestations are neurologic in origin 
(table 1). 


REVIEW OF THE LITERATURE 


Accumulated data on the subject of myx- 
edema have revealed marked alterations in 
cerebral function. The major focus of this at- 
tention has been devoted to organic mental 
changes, ranging from anxiety and depression 
to severe schizoid and manic behavior.? These 
disturbances usually do not occur until late in 
the course of the disease; however, in several 
reported cases they have been among the early 
manifestations. Hallucinations involving sight, 
sound, taste, and smell have been noted and 
occasionally constitute the only evidence of 
mental disturbance.* Asher? found that organic 
mental changes were often resistant to average 
doses of thyroid and that on occasion as much 
as nine grains daily were required for improve- 
ment in some cases. Disturbances of cerebral 
function more profound than psychosis have 
been reported in patients with myxedema. In 
severe cases of the illness, deep and fatal coma 


has been noted to develop progressively from 
drowsiness and irrational behavior in as short 
a period as 24 hours.* In approximately 25 per 
cent of the cases reviewed, grand mal convul- 
sions have preceded the comatose state. Al- 
though coma in myxedema is generally thought 
to be rare, two recent papers®:® described nine 
diagnosed cases which were treated within 
an 18-month period in England. The clinical 
state’ is characterized by a cadaveric coldness 
of the skin and rectal temperatures as low as 
80° F. In addition, the picture is marked by 
hypotension, bradycardia, and slow shallow 
respirations. The mortality rate of those in 
coma has been extremely high; however, a few 
authors have reported recovery after paren- 
teral thyroid and intensive efforts to raise the 
body temperature with external heat. 

Defects in coordination’. are common in 
patients with myxedema, but there is no evi- 
dence at hand to indicate specific dysfunction 
of the cerebellum. The gait has been observed 
to be unsteady, even ataxic, while movements 
of the hand and tongue have been described 
as slow and clumsy. It has not been estab- 
lished whether this is cerebellar in origin or 
due to the associated general weakness and 
psychomotor retardation. Other tests of cere- 
bellar function in most cases have been re- 
ported as normal. Sonderbergh!® was of the 
opinion that primary cerebellar deficit does 
occur in myxedema and he observed several 
cases with adiadokinesis. This evidence alone 
would not implicate specific involvement of 
the cerebellum. 

Impairment of cranial nerve function has 
been described frequently in myxedema. The 
most commonly reported symptom is that of 
decreased hearing from involvement of the 
auditory portion of the eighth nerve. Hearing 


From the medical service, Henry Ford Hospital, Detroit, 
Michigan. 
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tests have shown the presence of both nerve 
and middle ear deafness, either separately or 
in combination," and often accompanied by 
a disturbing tinnitus. In several instances true 
vertigo, severe enough to cause the patient to 
fall, has been described. Other cranial nerve 
involvement has also been reported in this ill- 
ness. Taste and smell have been found to be 
significantly reduced in myxedema,® as well 
as visual acuity. Although individual case re- 
ports of primary optic atrophy, retrobulbar 
neuritis, and retinitis with central scotomata!” 
have been described in this disease, it would 
seem that these findings were secondary to 
causes other than myxedema itself. Walsh"? is 
of the opinion that there are no neuro-ophthal- 
mologic signs in myxedema. An atypical facial 
neuralgia, possibly secondary to a disturbance 
of the sensory portion of the fifth cranial nerve, 
has been reported.'* There is no available evi- 
dence to suggest specific impairment of the 
tenth or twelfth cranial nerves as a cause for 
the dysarthria in myxedema. Rather, the 
speech abnormality is thought to be the result 
of myxedematous infiltration of the vocal cords 
and tongue.'® References to involvement of 
the spinal cord in myxedema have appeared 
infrequently in the literature. Individual cases 
of paraplegia and extensor plantar responses 
have been recorded, but in these instances an 
associated vascular or degenerative condition 
of the spinal cord seemed more likely as the 
underlying etiology. 

In preparing this study, special interest was 
given to evaluating evidence for disturbed pe- 
ripheral nerve function. Brain’® listed myx- 
edema as one of the causes of peripheral neu- 
ritis, but little to support this statement can be 
found in the literature. The abnormal deep 
tendon reflexes in myxedema have been known 
for many years.'7 The slow rebound of the 
deep tendon reflexes is one of the most reliable 
diagnostic signs in the disease and has been 
shown to vary directly with the basal meta- 
bolic rate in each patient. In a recent study 
these changes have been more fully defined 
and their diagnostic usefulness increased by 
measurement of the half-relaxation phase of 
the reflex cycle.17 Both muscular contraction 
and total relaxation time of the reflex cycle 
were prolonged in 55 and 65 per cent of the 
cases, respectively, while more significantly the 


half-relaxation time was prolonged in 77 per 
cent. There are probably few other conditions 
in which this type of reflex exists. Harrell and 
Daniel!® described a man with edema of one 
arm due to venous and lymphatic obstruction 
in which slow rebound deep tendon reflexes 
were noted in only the involved arm. An ex- 
ception to the characteristic reflex change has 
been reported in myxedema coma where com- 
plete absence of deep tendon reflexes has been 
found. Objective sensory loss has seldom been 
reported in myxedema, despite the fact that 
numbness and paresthesias are complaints in 
as high as 83 per cent in some series. Greene® 
found little or no impairment of two-point dis- 
crimination, pain, thermal, position, or touch 
modalities, but observed more commonly de- 
creased vibratory sense. Goldblatt!® implied 
there is specific impairment of the neurons car- 
rying vibratory impulses, with sparing of the 
other nerve fibers. A subjective complaint of 
general weakness is frequently noted in pa- 
tients with myxedema, but evidence of objec- 
tive loss of strength has received little docu- 
mentation. Hertoghe?® reported the case of 
a 42 year old myxedematous man with such 
marked weakness of the extensor muscles of 
the neck that his head fell and could be raised 
only by throwing the trunk forward. Muscular 
strength returned to normal in two months 
after treatment with thyroid. 

Certain nonspecific features in myxedema, 
such as lethargy and psychomotor retardation, 
suggest involvement of the nervous system, 
but are more likely a manifestation of the hy- 
pometabolic state affecting all cells of the 
body. Headache," poorly localized and diffi- 
cult to describe, is a common complaint in 
myxedema. The type and intensity vary con- 
siderably and may have features suggesting 
migraine. Vague aches and pains, especially in 
the low back, have been described and may be 
one of the most disturbing complaints. Muscle 
and joint stiffness similar to the “jelling phe- 
nomena” seen in several of the rheumatic dis- 
eases, but much shorter in duration, has been 
reported.*1 

The results of several neurologic laboratory 
tests have been fairly consistent in myxedema. 
The most striking abnormality is the frequent 
elevation of the cerebrospinal fluid protein, oc- 
casionally reaching 300 mg. per cent.?? Thomp- 
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son?* found that in approximately 80 per cent 
of 17 cases of myxedema the cerebrospinal 
fluid showed an elevation of protein, with an 
increase in both albumin and globulin frac- 
tions. A disturbance of cerebrospinal fluid dy- 
namics, as evidenced by increased spinal fluid 
pressure from 200 to 430 mm. of water, has 
been observed occasionally.t? In the more 
profound stages of the disease the electroen- 
cephalogram shows generalized low-voltage 
slow rhythms of 3 to 4 cycles per second, with 
little or no alpha rhythm and an absence of 
reaction to light stimulus.** The alpha wave 
frequently slows as the basal metabolic rate 
decreases, but not in an entirely linear rela- 
tionship. It has been observed that patients 
with the lowest mean alpha frequency are like- 
ly to have the most profound mental changes. 


NEUROLOGIC FINDINGS IN 100 CASES 
OF MYXEDEMA 


The medical records of 100 patients from 
this hospital with the diagnosis of myxedema 
were evaluated for neurologic manifestations 
(table 1). The cases were selected on the 
basis of a well documented history and phys- 
ical examination, as well as diagnostic labora- 
tory studies. Criteria for inclusion in the study 
was a serum cholesterol over 300 mg. per cent, 
in combination with a basal metabolic rate of 
—20 per cent or below. Additional laboratory 
evidence in many cases was the finding of a 
protein-bound iodine of less than 3 gamma per 
cent, or a radioactive iodine uptake of less 


than 10 per cent in 24 hours. Records of pa- 
tients with complicating disease were not used. 
Cerebrum 

Impairment of cerebrocortical function was 
manifested to some extent in all patients in 
this series. Symptomatology of major organic 
psychosis was present in five cases, while the 
others were troubled with varying degrees of 
memory impairment, inertia, depression, and 
irritability. One patient was a 19 year old 
white male who was admitted to the psychiat- 
ric service with a clinical picture of catatonic 
schizophrenia. A few months previous to this 
he was in an army hospital where a diagnosis 
of brain tumor was entertained on the basis of 
a high cerebrospinal fluid protein and organic 
mental deterioration. After restoration to a 
normal metabolic state with thyroid, there was 
a remarkable improvement in his psychosis and 
a reduction of cerebrospinal fluid protein to 
normal values. Another patient, a 56 year old 
lady with signs of intellectual deterioration 
and a paranoid personality, was diagnosed ini- 
tially as having both myxedema and Alzhei- 
mers disease. The latter diagnosis was sug- 
gested by evidence of diffuse cortical atrophy 
on the pneumoencephalogram. There was a 
complete metamorphosis in the clinical state 
of the patient after restoration to euthyroidism, 
and one year later she was thought to have a 
normal mental status. Visual hallucinations 
were a prominent feature in the other three 
patients with psychosis. Coma due to myxede- 
ma occurred in one patient in the present 


TABLE 1 
MANIFESTATIONS IN MYXEDEMA SUGGESTIVE OF NEUROLOGIC ORIGIN 
Occurrence Occurrence 
Present Present Less Commonly 
Reported Study Reported Study Reported Signs 
Fatigue” 100% 78% Lightheadedness** 66% 53% 
Subjective weakness”! 100% 64% Vertigo” 66% 8% Convulsions*+5 
Sluggishness”" 91-100% 68% Depression** 30-50% Depression of 
Dysarthria”! 87-91% 72% Psychosis 15-50% 5% taste and 
Drowsiness”! 93% 68% Hallucinations's* 26-35% 3% neuralgia’ 
Paresthesias*-2! 40-83% Decreased fective 
Numbness 49% visual acuity?! 24-43% 45% 
Tingling 36% Deafness”! 30-41% 31% Myotonia 
Memory impairment** 66-82% 29% Ataxia® 30-54% 32% 
Prolonged relaxation Tinnitus am 29% 
of reflexes’: 66% 58% 
Objective sensory loss® 24 1 
Headaches"! 70-73% 52% 
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study. In this instance there was rapid pro- 
gression from lethargy to profound and fatal 
coma over a seven-hour period. Hypothermia, 
bradycardia, hypotension, and slow shallow 
respirations characterized the clinical picture 
in this patient. 
Cranial Nerves and Cerebellum 

Manifestations of altered cranial nerve func- 
tion were encountered in the present series of 
patients with myxedema. With development 
of the disease, decreased visual acuity was 
noted in 45 per cent of the cases which was 
not explainable on the basis of an optic neu- 
ritis or retinal degeneration. Diplopia was pres- 
ent in five of these patients, but objective evi- 
dence of an ocular palsy was not noted. An 
atypical facial neuralgia in the sensory distri- 
bution of the fifth cranial nerve appeared in 
three patients. Decreased hearing was found 
in 31 patients, but sufficient data were una- 
vailable to state whether this was a middle 
ear or nerve type of deafness. Episodes of 
true vertigo were present in eight patients, 
while the nonspecific symptoms of dizziness 
and lightheadedness were present in 53. One- 
third of the patients showed an unsteady gait 
or loss of balance bordering on a true ataxia, 
while seven were found to have a disturbance 
of rapidly alternating movements and impair- 
ment of finger-to-nose testing. 
Peripheral Nerves 

Evidence of neurologic abnormalities in the 
extremities was evaluated in myxedema. Fifty- 
eight per cent of the patients in the present 
series demonstrated the slow relaxation phase 
of the deep tendon reflexes characteristic of 
myxedema. The mounding phenomena or myo- 
edema was also elicited when the body of the 
muscle was tapped with a reflex hammer. Both 
the reflex change and myoedema disappeared 
after myxedema had responded to thyroid. 
Objective sensory loss was found in 10 per 
cent of the patients, while subjective sensory 
symptoms such as numbness and tingling were 
reported by one-half of the patients. Vibratory 
sense was diminished in the upper and lower 
extremities in five patients, while in five others 
it was diminished only in the lower extremities. 
In three patients light touch, temperature, and 
pain sensations were decreased distally in the 
lower extremities. Objective muscular weak- 
ness was not found in any of the present pa- 
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tients, despite the fact that nearly all had gen- 
eral subjective weakness. 
Laboratory Tests 

Examination of the spinal fluid was carried 
out in eight patients with myxedema (table 2). 
All showed an elevation of protein ranging 
from 65 to 208 mg. per cent. It was noted 
that the two patients with the highest protein 
also demonstrated psychotic symptoms. With 
the administration of thyroid, the cerebrospinal 
fluid protein decreased in one of these patients 
from 208 mg. per cent to 41 mg. per cent and 
was correlated with an improvement in the 
psychosis. The electroencephalogram was re- 
corded in five patients in this series. The am- 
plitude of the waves was generally reduced to 
50 microvolts, while the alpha rhythm was 
decreased to 7 to 8 per second. In one case 
the voltage increased from 40 to 125 micro- 
volts and the alpha rhythm from 7 per second 
to 9+ per second after three months of thy- 
roid therapy. Psychometric examination was 
carried out in six patients. Definite mental de- 
terioration from slight to moderate in degree 
was found in five of the cases, while the other 
showed average testing but probably low for 
the patient’s educational background. 


DISCUSSION 


The present study has demonstrated that the 
nervous system in patients with myxedema is 
profoundly affected. The intellectual deteriora- 
tion and the organic mental syndrome have 
received major emphasis for many years, but 
more recently there has been interest in the 
occurrence of coma in myxedema as attested 
by the many individual case reports in the 
literature. It is of interest that, in all the case 
histories reviewed, myxedema coma occurred 
only during the winter months. This suggests 
that environmental cold has been the precipi- 
tating factor in its onset. In the past, when 
myxedema had progressed to coma, the prog- 
nosis was extremely poor and in most cases 
irreversible. Now that a rapidly acting thyroid 
preparation is available, such as L-triiodothy- 
ronine which returns the depressed metabolic 
rate in hypothyroidism to normal within 24 
hours, the prognosis of these patients should 
be altered. Dyson and Wood** noted a bene- 
ficial effect when they used L-triiodothyronine 
in a patient in myxedema coma. There was 
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initial improvement in the hypothermia and a 
return to consciousness within 15 hours after 
one dose of 1.2 mg. of L-triiodothyronine in- 
travenously, but further supply of the drug 
was not available and the patient relapsed into 
coma and expired. 

The occurrence and extent of peripheral 
nerve involvement in myxedema remain un- 
settled. Although the abnormal reflexes in myx- 
edema are quite striking, the changes are not 
those usually seen in peripheral neuritis. In 
the latter, an absence or depression of the re- 
flexes without any alteration in the contraction 
or relaxation phase is observed. On the other 
hand, the reflexes in myxedema are usually 
prompt and in most cases active, but with a 
delayed relaxation phase. Lambert'? ascribes 
this reflex phenomena to an abnormality of 
the contractile substance of the individual 
muscle fibers. The subjective sensory com- 
plaints in myxedema are quite prominent, but 
out of proportion to the objective sensory find- 
ings, a situation which is similar to that found 
in diabetic neuritis. Subjective weakness is 
also present, but there is little evidence from 
this study to indicate an objective motor deficit 
in myxedema. From the clinical information 
available, a peripheral neuritis primarily sen- 
sory in type would seem to occur in myxede- 
ma. Laboratory tests of the cerebrospinal fluid 
in patients with myxedema have demonstrated 
the increased protein to be one of the most 
striking and frequent abnormalities. It is pos- 
tulated to be another manifestation of the in- 
creased capillary permeability known to occur 
in myxedema. 

Sufficient knowledge is available to postu- 
late mechanisms of action for the neurologic 
manifestations of myxedema. One of the pre- 
dominant features in the disease is the tenden- 
cy for myxedematous collections to occur in 
various tissues throughout the body. It is most 
commonly seen in the subcutaneous tissue, 
especially about the eyes, but also occurs in 
serous cavities such as the pericardium and 
pleura. Some of the neurologic signs of myx- 
edema could result from a similar interstitial 
accumulation of myxedematous material in the 
nervous system. Uysmatsu,*® at the postmor- 
tem examination of a 66 year old woman ad- 
mitted for myxedema with profound neuro- 
logic symptoms, found evidence of edematous 
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changes in the brain and implied that this 
might be related to the edematous material 
found in the subcutaneous tissue and muscle 
of patients with this disease. Ord?® described 
changes he found in the connective tissue of 
the spinal cord and peripheral nerves to be mu- 
coid in character in the case of a 51 year old 
woman with myxedema. Such a mucinous de- 
posit in tissue of the central nervous system 
could form the basis of neuron impairment. 
Another mechanism which could account for 
the neurologic features of myxedema is 
changes in the cerebral vascular dynamics. 
Scheinberg and associates** described a marked 
reduction in cerebral blood flow in eight myx- 
edematous patients. They recorded a reduc- 
tion of 37 per cent in cerebral oxygen con- 
sumption and 26 per cent in glucose consump- 
tion, which returned to normal after treatment 
with thyroxine. Moreover, they described an 
increased resistance to cerebral blood flow 
which may be an additional adverse factor. 
In addition to the theories mentioned above, 
a mechanism based on the experimental evi- 
dence that a deficiency of thyroid at the mo- 
lecular level interferes with the function of 
enzyme systems should be considered. Thy- 
roxine serves as a coenzyme in the important 
oxidation reduction pathways** and any de- 
crease of thyroid will limit the amount of the 
enzyme available. Since important enzymes 
such as succinoxidase are depressed in the tis- 
sue of patients with myxedema, and since the 
nervous system is dependent on these oxidative 
enzymes for normal metabolic activity includ- 
ing a readily available supply of glucose, a de- 
ficiency will interfere with nervous tissue func- 
tion. 

From the evidence gathered in this study, 
neurologic manifestations form a prominent 
part of the clinical syndrome in myxedema. 
It is felt that, with closer observation, these 
changes will be found to occur more often 
than heretofore emphasized. 


SUMMARY 


1. A survey of the literature is made for neu- 
rologic manifestations occurring in myxedema. 

2. A neurologic study of 100 cases of myx- 
edema seen at this hospital is reported. 

3. Possible mechanisms for the pathogenesis 
of neurologic signs and symptoms in the dis- 
ease are discussed. 
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@ Just as rigidity ensues in some cases of cerebral paralysis (hemiplegia), so it does 
in some cases of cerebellar paralysis. In the latter the spinal muscles first become 
rigid, drawing back the head and curving the spine; ultimately the legs and arms 
are rigid. The universal rigidity, as a condition arising from cerebellar tumour, I 
have seen only when the tumour has been of the middle lobe. I may here say that 


I am indebt 


to Dr. Stephen Mackenzie for the drawings I send round, and also 


for most valuable help in the investigation of cases of cerebellar disease. In cases 
of hemiplegia the a is contemporaneous with the ensuing of Wallerian wast- 


ing in the spinal cor 


Whether there is a “descending” —— in cerebellar rigidity 


I do not know. Cerebellar rigidity differs from the rigidity of paralysis agitans; in 
the latter the body is bent forwards, in the former backwards. 


J. Hughlings Jackson in On Tumours of the Cerebellum, 


published in 1881. 
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Residual function after subtotal 


spinal cord transection in adult cats 


W. F. Windle, Ph.D., Sc.D., J. O. Smart, B.S. and 


Jane J. Beers, B.S. 


REGENERATION of intraspinal neurons after 
complete transection of the mammalian spinal 
cord has been described.' Inhibition of glial 
barrier formation after administration of the 
bacterial polysaccharide, Piromen, was thought 
to be a factor responsible for the regeneration 
in the adult cat.*-*> Others® have obtained 
central regeneration in the cat without using 
this drug, by surgically wrapping the severed 
spinal cord in a sheet of Millipore. At best, 
the number of regenerated neurons in the 
earlier experiments comprised only a small 
fraction of the total, and wide gaps were not 
bridged.* The experiments using Millipore led 
to bridging of 4-mm. gaps, and the number of 
fibers making their way across was at least as 
great as in the earlier studies. Figure 1 illus- 
trates one of the largest fascicles we encoun- 
tered. Scott and Clemente’ evoked potentials 
below the site of the thoracic transection by 
stimulating above the lesion with electrodes 
inserted into the cord of this animal, proving 
that anatomically regenerated central neurons 
conducted impulses. 

Although no restitution of voluntary move- 
ments or recovery of sensation were observed, 
certain experiments demonstrated functional 
differences between Piromen-treated spinal 
cats and nontreated spinal cats whose cords 
had been severed at the lower thoracic and 
upper lumbar segments.* The treated animals 
had better postural tonus, were less spastic, 
could support the body better in standing, and 
some exhibited coordination between forelimbs 
and hind limbs in locomotion. It took several 
months for the differences to appear, and it 
was hypothesized that this may have been re- 
lated to the time required for central regen- 
eration to establish central connections. The 
differences were most pronounced at nine 
months. Unfortunately, the process of recov- 
ery did not continue, and after 12 to 18 months 
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Fic. 1. Longitudinal section through the spinal cord 
of an adult cat in the region of a complete transec- 
tion performed 11 months previously and treated with 
Piromen.t The scar (S) marks the transection site. 
A fascicle of regenerated nerve fibers (F) bridges the 
gap. Magnification, x80. 


all the cats reverted to the typical spinal state 
seen in the untreated control animals. This was 
coincident with encroachment of heavy con- 
nective tissue scars upon the regenerating neu- 
rons (figure 1). 

If the functional differences in question 
were related to intramedullary regeneration 
and reestablishment of central connections by 
a few neurons, might it not be possible to dem- 
onstrate a similar condition immediately after 
operation by sparing a few nerve fibers in ap- 
propriate places at the time of the transection? 

The lower thoracic spinal cord was severed 
in 13 adult cats, leaving the ventral spinal ar- 
tery and an estimated 10 per cent of the sub- 
stance of adjacent ventral funiculi intact. For 
comparison, the spinal cord was completely 
severed in 11 other cats. Further comparisons 
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RESIDUAL FUNCTION AFTER SUBTOTAL SPINAL TRANSECTION 


c-9 
Cc-13 
@) C-4 c-19 


Fic. 2. Diagrams of subtotal spinal cord transections 
reconstructed from serial longitudinal sections. The 
intact portions of the cord are indicated in black, ull 
other parts having been severed. 


were made with earlier 3-D motion picture 
records of chronic spinal cats treated with Pi- 
romen, as well as with chronic control to 
which no drug had been given. 

Three of the cats with subtotally transected 
cords retained no function but resembled the 
11 control spinal cats. Histologic study later 
revealed that there were no intact nerve fibers 
at the site of operation. Any neurons which 
may have been spared at operation must have 
degenerated soon after the operation. 

The spinal cords of the other ten animals 
are illustrated diagrammatically in figure 2. 
Four of these cats (C-23, C-3, C-6, and C-15) 
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retained enough motor function to distinguish 
them from acute control spinal cats for a short 
time after operation. They had good muscle 
tonus and were not intensely spastic; one ex- 
hibited some coordinated locomotion and two 
had intact hind-limb placing responses. How- 
ever, conditions soon deteriorated and the 
spastic paraplegic state ensued. Transiently, 
they were similar to Piromen-treated spinal 
animals of earlier experiments in which re- 
generation of a few intraspinal fibers took 
place. Upon later histologic examination, three 
of these four cats were found to have small 
tags of intact tissue in one or both ventral 
funiculi (figure 2). The tissue contained few 
nerve fibers, in no instance exceeding 1 per 
cent of the original complement of the ventral 
funiculi. Figure 3A shows strands of tissue re- 
sembling “band fibers” of degenerated periph- 
eral nerves in one animal (C-6), six and one- 
half months after operation. Few, if any, nerve 
fibers remained in these bands. The fourth cat 
(C-15) had intact fibers, but developed large 
cysts in the spinal cord, the effect of which 
was to produce a complete transection at a 


Fic. 3. Photomicrograph of silver-stained longitudinal 
sections of the ventral funiculus. Magnification, x130. 
A. Experiment C-6, with only transient retention of 
function; the tissue contains few if any nerve fibers. 
B. Experiment C-19, with the maximum retention of 
function; nerve fibers sparsely populate this fascicle. 
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higher level. The rest of the cats with sub- 
totally transected spinal cords (C-21, C-9, 
C-11, C-13, C-4, and C-19 in figure 2) re- 
tained varying degrees of motor function, al- 
though sensory losses were complete and no 
bladder function was present. They lacked the 
hind-limb spasticity which characterizes the 
usual paraplegic animal. Posture was nearly 
normal in four, and the hind-limb placing re- 
action could be elicited in all of them. Five 
retained some locomotor function. These sub- 
totally transected animals resembled Piromen- 
treated spinal cats, in which anatomic central 
regeneration took place and in which the pos- 
sibility of restitution of some motor function 
six to nine months after operation was enter- 
tained.§ 

Histologically, they were found to have 1 
to 10 per cent of the spinal cord intact. How- 
ever, the nerve fibers remaining in the intact 
tissue were fewer than had originally been 
present in the respective parts of the ventral 
funiculi. Figure 3B shows one intact portion 
of the cord of a cat (C-19) with residual mo- 
tor function four months postoperatively. This 
animal had the largest intact fascicles, but 
there were relatively few neurons present. 

These experiments, summarized in table 1, 
demonstrate that retention of a modicum of 
control over spinal motor centers was encoun- 
tered with only small remnants of the medial 
and ventral portions of the ventral funiculi. 
It is doubtful if there are any corticospinal 
fibers in the ventral funiculi at these levels,‘ 
even in the intact animal’s cord. Some other 


TABLE 1 
SUBTOTAL TRANSECTIONS OF THE SPINAL CORD 
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s 
pathways must account for the apparent volun- RE 
tary motor functions and the persistence of the 1 
placing reaction. Vestibulospinal and perhaps 
some other descending neurons are located in 2 
the ventral funiculi. Fibers of these could have 
been present after the operation, explaining 3 
retention of relatively normal tonus and _pos- 
ture, as well as perhaps the locomotor phe- ‘ 


nomena. 

The similarity between results of subtotal 
transection of the cord and of total transection 
followed by some anatomic central regenera- 
tion raises two questions. Did functional re- 
generation actually take place transiently in 
the previous studies?® If so, did the regen- 
erated neurons reestablish their specific syn- 
apses, or was there a readjustment in the cen- 
tral grey matter? The retention of motor func- 
tion with so few fibers in the subtotal transec- 
tion experiments is encouraging to investigators 
who aim for functional restitution by regen- 
eration of central neurons. 


ou 


SUMMARY 


Subtotal transection of the lower thoracic 
spinal cord of the cat was followed by reten- 
tion of some motor function when 1 to 10 per 
cent of both ventral funiculi remained intact. 
Tonus and posture were better than in control 
animals with total transections. Coordinated 
locomotor function and placing were retained. 
The activity of cats with subtotal transections 
resembled that encountered in cats with re- 
generating central spinal neurons six to nine 
months after transection of the cord. 


Animal Thoracic Residual Structure Residual Function 

No. Level Duration % Side Posture Locomotion Placing 
C-17 12 5 days 0 
C-2 12 9 days 0 — 
C-1 9-10 5 months 0 
C-23 11-12 2.3 months 1 L + (t) — —_— 
C-3 11 5 months 1 L + (t) + (t) + (t) 
C-6 ll 6.5 months 1-2 both + (t) a + (t) 
C-21 12 3 months 1 
c-9 10-11 4.5 months 1.5-3 + 
C-11 9 4 months 1-3 = ++ ++ + 
C-13 10-11 4 months 1.5-3 ++ 
C-15 12 3 months 2-4 +9 ++ (t) — _ 
C-4 11-12 5.5 months 3-8 
C-19 11-12 4 months 8-10 


A single + indicates minimum response; (t) indicates transient 


which blocked the response. 


response. Animal C-15 developed spinal cord cysts 


E 
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@ The term Apoplexia was employed by the Greeks, and is still used, to denote a 
disease in which the patient falls to the ground, often suddenly, and lies without 


sense or voluntary motion. 


This disorder appears to have at all times engaged the attention of physicians, 
and we find definitions, or short descriptions of it, in the works of the earliest medical 
writers. Hippocrates, in his work de Morbis, lib. ii. without making use of the word 
apoplexy, thus characterizes the disease:—A pain in the head suddenly seizes a person 


in health; he immediately becomes 


hless; he snores with his mouth open; and 


if any one call to him or move him, he groans, but understands nothing. 


John Cooke in A Treatise on Nervous Diseases, 
published in 1824. 
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Effect of acetazolamide on CSF 


pressure and electrolytes in 


hydrocephalus 


Lucy Birzis, Ph.D., C. H. Carter, M.D. and 


T. H. Maren, M.D. 


ACETAZOLAMIDE is a specific inhibitor of car- 
bonic anhydrase, whose effects can generally 
be correlated with the presence of carbonic 
anhydrase in tissues and with the subsequent 
changes in acid or base output of these tis- 
sues.! The effectiveness of acetazolamide in 
decreasing the rate of formation of aqueous 
humor and cerebrospinal fluid has been dem- 
onstrated for a number of mammalian spe- 
cies,*-* but the mechanism of action is not 
clear.» The existence of an excess of bicarbo- 
nate ions in the aqueous humor of cat, dog, 
rabbit, and guinea pig and the reduction of 
this excess by acetazolamide led to the exam- 
ination of a possible relationship between flow 
and the concentration gradient of bicarbonate.* 
However, in some species (notably man) the 
bicarbonate ratio between aqueous humor and 
plasma is less than 1, as is the case between 
the cerebrospinal fluid and plasma of most 
species. Most recently, Becker? has shown that 
there is no reduction of the bicarbonate con- 
centration ratio, aqueous humor/plasma, after 
administration of acetazolamide to man. 

It was the purpose of this study to deter- 
mine whether the carbonic anhydrase inhibitor 
changed the distribution of bicarbonate and 
other ions between cerebrospinal fluid and 
plasma in patients undergoing long-term acet- 
azolamide therapy for the control of epilepsy, 
and to observe whether any such changes, if 
found, were related to spinal fluid pressure 
changes. The experiments were extended to hy- 
drocephalics to see if normal pressures could 
be achieved and maintained by high doses of 
the drug. Prior results at the Sunland Train- 
ing Center in Florida using more conventional 


522 


doses were unconvincing but suggestive as to 
pressure drop. However, clinical benefit has 
been reported for one case by Elvidge, Branch, 
and Thompson® with a minimum effective dose 
of 80 mg. per kg. per day, which kept their 
patient symptom-free and eliminated the ne- 
cessity for aspirating the ventricular system. 

Although carbonic anhydrase inhibitors in- 
terfere with cerebrospinal fluid flow and the 
choroid plexus is a probable site of its forma- 
tion, there is no information in the literature 
about the concentration of carbonic anhydrase 
in this tissue for any species. Therefore, it 
was decided to carry out carbonic anhydrase 
determinations on the choroid plexus in the 
cat. 


METHODS AND MATERIALS 


This study was carried out on three groups 
of patients institutionalized at the Sunland 
Training Center for mentally retarded chil- 
dren. Group 1 consisted of five epileptics re- 
ceiving an average dose of 12 mg. per kg. per 
day of acetazolamide, in divided oral doses 
two or three times a day for one to 12 months. 
Initial cerebrospinal fluid pressure was normal. 
Group 2 consisted of seven hydrocephalics 
selected on the basis of stable pretreatment 
cerebrospinal fluid pressure; patients with large 
spontaneous fluctuations in pressure were omit- 
ted from the study. The hydrocephalics were 
receiving an average dose of acetazolamide of 
66 mg. per kg. per day (ranging from 55 to 


From the department of pharmacology and _ therapeutics, 
University of Florida College of Medicine, and the Sun- 
land Training Center, Gainesville, Florida. 

Presented in part at the American Society for Pharmacol- 
ogy and Experimental Therapeutics, Baltimo:e, Maryland, 
September 1957. 
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ACETAZOLAMIDE AND CSF PRESSURE IN HYDROCEPHALUS 523 
TABLE 1 
DOSAGE SCHEDULES, GROUPS AND MEAN ACETAZOLAMIDE CONCENTRATIONS 
IN PATIENTS USED FOR CHEMICAL STUDIES 
Average Dose Plasma CSF 
Group Type Number mg./kg./day pgm./ml. pem./ml. R 

1 Epileptic 12 (low) 75 <0.13 < 0.02 
2 Hydrocephalic 7 66 (high) 42 0.38 0.009 
3 Untreated controls 7 


(mental retardation ) 


These are the groups of patients whose electrolyte data are given in table 2. 


87 mg.) for two weeks to two months before 
the spinal tap was made; for several months 
previously they had been receiving lower doses 
of acetazolamide. An additional group, 2A, 
included all 20 hydrocephalic patients receiv- 
ing acetazolamide therapy at the institution. 
Only spinal pressures, total carbon dioxide in 
spinal fluid, and plasma and drug concentra- 
tions in blood were determined in this series. 
Pretreatment spinal pressures had been meas- 
ured in this group, and control carbon dioxide 
values were obtained on ten of the patients 
during a drug-free period for comparison with 
the treated group. Group 3, consisting of seven 
mentally retarded children, received no acet- 
azolamide and served as controls. 

Concurrent morning samples of venous 
blood and lumbar spinal fluid were withdrawn 
into oiled, heparinized syringes from the three 
groups of patients, and spinal pressures were 
measured in the left lateral position. Most of 
the children were under mild pentobarbital 
sedation during the spinal tap; there was no 
evidence that this treatment had any effect 
on the spinal pressure. 

The spinal fluid and blood pH were meas- 
ured immediately on a Beckman model GS 
pH meter, using general purpose glass elec- 
trodes. A temperature coefficient of 0.0147 
pH units per degree C was used for blood, and 
0.0064 for cerebrospinal fluid (based on the 
coefficient for rabbit aqueous).® Blood was 
centrifuged immediately after withdrawal and 
plasma drawn off for analysis. Both plasma 
and spinal fluid were stored in tightly corked 
tubes under oil and refrigerated. Analyses for 
carbon dioxide were carried out within 24 
hours, using the Kopp-Natelson microgasom- 
eter. Bicarbonate and pCO, values were com- 
puted from the Henderson-Hasselbalch equa- 
tion using pK = 6.1 for carbonic acid. Chlor- 


ide was done by the method of Schales and 
Schales,’° and sodium and potassium were 
determined on a Perkin-Elmer flame photom- 
eter with an internal standard. Blood and 
spinal fluid concentrations of acetazolamide 
were determined by a biologic method utiliz- 
ing carbonic anhydrase inhibition.1! For com- 
putation of distribution ratios between cerebro- 
spinal fluid and plasma water, the concentra- 
tion in cerebrospinal fluid was divided by the 
concentration in plasma water (concentration 
in plasma divided by 0.935). 

Carbonic anhydrase was determined in tis- 
sues as described by Maren.'! Tissues were 
prepared by perfusing an anesthetized cat 
(35 mg. per kg. pentobarbital) with 1,500 ml. 
of cold Krebs-Ringer solution through the 
heart. Correction for residual blood was com- 
puted as described by Ballintine and Maren.'? 
Tissues did not contain more than 3 per cent 
blood. 

All values are reported as the average, + 
the standard error of the mean. 


RESULTS 
Chemical Findings in Patients 

Table 1 summarizes the patient groups and 
dosages and shows the drug concentration at- 
tained in blood and spinal fluid. In the low 
dose group the plasma concentration of acet- 
azolamide averaged 7.5 »gm. per ml., but the 
amount in the spinal fluid was below the limits 
of detection of the analytic method. At the 
higher dose, the plasma concentration rose 
proportionately to 42 »gm. per ml. and the 
spinal fluid concentration was 0.38 pgm. per 
ml., giving a distribution ratio of about .01. 

The results in these three groups of patients 
are summarized in table 2. Control values of 
pH, pCO,, and electrolyte concentrations for 
both plasma and cerebrospinal fluid are in sub- 
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TABLE 2 
CSF AND PLASMA WATER ELECTROLYTES IN PATIENTS RECEIVING ACETAZOLAMIDE 
pH HCO; pCO: Cl- Na+ K+ 

Pl CSF Pl CSF Pl CSF Pl CSF Pl CSF Pl CSF 
Group 3 
Controls (7) 743 7.37 23.7 21.4 35 «37 108 123 154 147 5.3 3.8 
+ SE. 0.7 0.4 1 1 3 4 2 1 5 0.2 
Group 1 
Low Dose (5) 7.40 7.37 20.0 17.6 3231 116 132 159 145 3.8 
+ S.E. O01 Ol 08 05 1 1 1 4 1 8 05 04 
Group 2 
High Dose (7) 7.32 7.36 15.7 16.6 29 «430 120 128 159 147 49 38 
+ S.E. 02 02 08 0.6 2 2 1 1 2 1 02 O01 


Electrolyte concentrations in mEq./l. water and pCO, in mm. Hg. 


Low dose = 12 mg./kg./day; high dose = 66 mg./kg./day. 


stantial agreement with those found in the lit- 
erature.!* On the high dose of acetazolamide, 
blood pH was lower than that of the control 
group. Plasma bicarbonate was somewhat 
lower than that of controls in the low dose 
groups of patients and was markedly lower in 
the high dose group, with an average concen- 
tration in the latter of 15.7 mEq./l. compared 
to 23.7 for the controls. Plasma chloride 
changed inversely with bicarbonate. The so- 
dium and potassium concentrations were ap- 
proximately the same in all three groups. 
Therefore, on the high dose of acetazolamide, 
there was a partially compensated metabolic 
acidosis. Data were similar to those previously 


reported for the dog, with the single but 


CSF / PLASMA WATER RATIOS IN 
CHILDREN RECEIVING ACE TAZOLAMIDE 
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Fic. 1. Means of the electrolyte ratios of cerebrospinal 
fluid/plasma for the individual patients, and their 
standard errors. 


important exception that in man pCO, was 
low, while in the dog it was high. Thus, there 
was little or no evidence of the component of 
respiratory acidosis following acetazolamide; 
this agrees with acute studies in man by 
Becker and co-workers.15 Maintenance of low 
pCO, in man receiving acetazolamide has been 
reported by Nadell;** however, her two pa- 
tients (on 11 mg. per kg. per day) became 
fully compensated (blood pH returned to nor- 
mal) after several weeks, whereas ours on the 
high dose showed low pH, low pCO., and low 
bicarbonate. 

The cerebrospinal fluid appeared to follow 
the trends noted for plasma, with the impor- 
tant exception that spinal fluid pH did not 
decline in the treated groups. Carbon dioxide 
equilibrium in the spinal fluid of the high dose 
group showed a pCO, identical to that of 
plasma, but a tendency toward higher bicar- 
bonate than plasma. Unlike the acidosis in 
blood, that in cerebrospinal fluid may be de- 
scribed as fully compensated. Spinal fluid so- 
dium and chloride values had a wider range 
of variation than in plasma, but no significant 
differences among the three groups were seen 
in this small series. The potassium concentra- 
tion was also reasonably constant throughout 
in all the patient groups. 

The distribution ratios (R) of the electrolytes 
between cerebrospinal fluid and plasma are 
plotted in figure 1. The sodium, potassium, 
and chloride ratios of the high and low dose 
groups showed no significant difference from 
the untreated controls, but there was some in- 
crease in bicarbonate ratio on high dose only, 
an increase that was statistically significant at 
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TABLE 3 
DISTRIBUTION OF CO, AND ACETAZOLAMIDE BETWEEN CSF AND PLASMA WATER 
IN HYDROCEPHALICS (GROUP 2A) 
Total CO, mEq./1. Acetazolamide gm./ml. 

CSF Plasma Water co, CSF Plasma R acet. 
No Rx (10) 23.7 25.5 0.93 ms pas sous 
+ SE. 0.7 0.9 0.02 
High dose (12) 
(av. 58 mg./kg./day) 18.7 18.3 1.02 0.2 25 008 
+ S.E. 0.5 0.2 0.02 0.3 5 002 


the 0.05 level. A comparison of the carbon 
dioxide ratios before and during treatment in 
a larger group (group 2A) of hydrocephalics 
is also shown in table 3. Here again the cere- 
brospinal fluid/plasma ratio was higher in pa- 
tients taking drugs, and the change was high- 
ly significant (t = 3.2). The average untreat- 
ed control value of co, was 0.93 + .02 and 
the high dose value was 1.02 + .02; these 
agree very well with the bicarbonate ratios 
of 0.92 + .04 and 1.03 + .03 for groups 3 
and 2 of table 1 (figure 1). 
Cerebrospinal Fluid Pressure 

Figure 2 shows the effect of acetazolamide 
on spinal fluid pressure in “normals” and in 
hydrocephalics. In the normal groups (nor- 
mal in regard to cerebrospinal fluid pressure 
only), the no-treatment and low dose values 
of pressure represent measurements on groups 
land 3 of table 1, and the high dose figure 
was obtained from data on ten patients re- 
ceiving an average dose of 58 mg. per kg. per 
day for the control of epilepsy. In the hydro- 
cephalic series, the no-treatment value is based 
on 20 patients tested before taking medication 
(group 2A); the low dose figure was obtained 
from earlier data on 12 of these hydrocephalics 
while they were receiving an average dose of 
19 mg. per kg. per day. The high dose figure 
is the average of measurements on 19 of these 
hydrocephalics while receiving 61 mg. per kg. 
per day, and it includes the pressures of the 
seven patients in the electrolyte study (group 
2 of table 1). The average pressure for this 
group of seven patients is essentially the same 
as the average for all 19 hydrocephalics. 

Before treatment, the hydrocephalics had 
spinal fluid pressures of 237 + 30, compared 
to 172 + 22 for the normals. On low dose 
of acetazolamide, the hydrocephalics averaged 
128+ 4 and the normals 82+ 9. On high 


dose there was an even greater drop in pres- 
sure: 68 +5 for the hydrocephalics and 65 
+ 7 or the normals. In both normals and hy- 
drocephalics, the pressures on high and low 
doses differed statistically from the untreated 
control pressures. 

Clinical Effects 

Although the average intracranial pressures 
were maintained within normal limits in all 
of the hydrocephalics, the clinical benefits of 
therapy were difficult to assess, chiefly because 
the pathologic condition was already far ad- 
vanced in most patients and severe brain dam- 
age was present before the beginning of acet- 
azolamide administration. It was also impos- 
sible to dissociate the natural development of 
the child during the period of treatment. 

In patients with open fontanelles, these have 
remained soft and depressed during therapy 
and there has been no further enlargement of 
the head. None of the patients appeared to 
suffer any ill effects from the drug. No nausea 
or anorexia occurred even on high dose, but 
some improvement in appetite and decreased 
irritability was noted. 


HYDROCEPHALICS "NORMALS" 
300 NO 
10 
200+ 
19mg/kg/d 
& 14mg/kg/d 
100+ 58mg/kg/d 
® ol 
Fic. 2. Mean cerebrospinal fluid and their 


standard errors of patients treated with acetazolamide 
and of untreated controls. Figures in parentheses in- 
dicate the number of patients in the group. 
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During the two years of this study, three 
of the hydrocephalic patients have died (age 
at death varied from nine to 16 years), bui 
none of the deaths appeared related to aceta- 
zolamide therapy. Two died as a result of 
epileptic seizures and one of hypostatic pneu- 
monia. Typical case reports follow. 

Case 1. A two year old white girl was admitted 
to the Sunland Training Center on April 28, 1956, 
diagnosed as a hydrocephalic. She had had menin- 
gococcal meningitis at the age of six months and 
developed hydrocephalus immediately afterward. 
On admission she was described as a fairly well- 
nourished child, a crib case, with decubitus ulcers 
of the head, and a head circumference measuring 
25 inches. Her bone age was retarded; her arms 
and legs were rigid and she could make no pur- 
posive movements of the extremities. She was 
unable to speak, had a low defective level of in- 
telligence, and responded minimally to her sur- 
roundings. On June 29, 1956 a lumbar tap was 
performed and a spinal fluid pressure of 432 mm. 
water obtained. At that time she was started on 
oral acetazolamide 125 mg. three times daily (23 
mg. per kg. per day). When another lumbar tap 
was made on July 31, 1956, her pressure had 
fallen to 230 mm. From this time until June 6, 
1957 her medication was stopped and restarted 
a number of times. On June 6 the dosage of 
acetazolamide was increased to 250 mg. three 
times a day (46 mg. per kg. per day). This regi- 
men brought her pressure down to 126 mm. on 
June 20, on which date the dosage was increased 
to the maximum level of 500 mg. twice a day (65 
mg. per kg. per day). On July 3 her pressure was 
30 mm. The dose was then reduced to 500 mg. 
per kg. per day and there was an increase in 
pressure to 200 mm., necessitating a return to 
the maximum dosage. At the last tap on February 
6, 1958 her spinal pressure was 140 mm., her head 
measured 23 inches, and the anterior fontanelle 
was soft. 

Case 2. A four year old white boy was admit- 
ted to the institution on March 30, 1956, diag- 
nosed as a hydrocephalic. He had appeared nor- 
mal at birth, but at five weeks of age the head 
had begun to enlarge rapidly. When admitted, he 
was a spastic crib case and had a lateral nystag- 
mus. The head measured 32.8 inches and a roent- 
genogram revealed thinning of the skull and di- 
lated ventricles. An electroencephalogram showed 
extensive brain deterioration. He was not in good 
contact with his environment, functioning at a low 
defective level of intelligence. On April 23, 1956 
his spinal pressure was 230 mm. water. On that 
day acetazolamide therapy was begun, with an 
initial dose of 125 mg. twice daily (13.8 mg. per 
kg. per day). His pressure was down to 110 mm. 
at the pe | of three weeks on this dose. Subse- 
quent dosage adjustments were made until April 
20, 1957 when he was put on his maximum iv 
of 500 mg. three times daily (83 mg. per kg. per 


TABLE 4 
CARBONIC ANHYDRASE CONTENT OF TISSUES 
Enzyme Units/gm. Wet Tissue ( Perfused) 


Tissue Cat No.1 Cat No.2 
Choroid plexus 200 325 
Cerebral cortex 85 70 
Kidney (whole) 250 300 
Muscle <3 <3 
Whole blood 900 800 


These values have been corrected for residual blood in the 
tissue. 


day), and his pressure reached a level of 72 mm. 
on April 31, at which time the dose was reduced 
to 250 mg. three times daily (42 mg. per kg. per 
day); he has been maintained on this dose. A 
pressure measurement made on January 17, 1958 
showed the same low value of 72 mm. His fon- 
tanelle has been soft and depressed since the be- 
ginning of drug therapy and his head has not 
enlarged further. 
Carbonic Anhydrase in Choroid Plexus 
Results of the carbonic anhvdrase assay on 
choroid plexus and other tissues of the cat are 
presented in table 3. High concentrations of 
the enzyme were found in the choroid plexus, 
comparable to those in the kidney and about 
one-third the concentration in whole blood. 
These values agree with data currently being 
obtained by Copenhaver and his associates." 
Values for other tissues agree with previously 


published data.17 
DISCUSSION 


Acetazolamide appeared not to alter the 
distribution ratios of sodium, potassium, and 
chloride between cerebrospinal fluid and plas- 
ma. The bicarbonate ratio did not fall, even 
on the high dose which reduced cerebrospinal 
fluid pressure to a minimum; in fact, there was 
a rise in ratio on high dose. This may consti- 
tute a defense against fall in spinal fluid pH, 
which remained constant in spite of a drop 
in blood pH. The low plasma bicarbonate 
concentration on high dose resulted from a 
cumulative renal excretion of the ion. This was 
not completely compensated for by respira- 
tory adjustment of pCO, and led to the fall 
in blood pH.'* The pCO, of spinal fluid was 
in equilibrium with that of plasma. However, 
the pH of spinal fluid did not fall, and bicar- 
bonate was higher in spinal fluid than in plas- 
ma water after drug. This may reflect a pri- 
mary maintenance of spinal fluid pH more rig- 
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orous than that of plasma. Alternatively, the 
rise in bicarbonate ratio may reflect a failure 
of removal of metabolic bicarbonate from the 
brain following carbonic anhydrase inhibition. 
A rise in cerebrospinal fluid bicarbonate ratio 
after acetazolamide has recently been reported 
by Davson and Luck'* for the cat and by 
Maren and Frederick'® for the dogfish. It is 
thus clear that inhibition of flow is not neces- 
sarily related to a decreased concentration 
gradient of bicarbonate across the spinal fluid/ 
plasma boundary. 

The effect of acetazolamide on cerebrospinal 
fluid pressure appears to be due to reduction 
of flow as a result of carbonic anhydrase in- 
hibition at the site or sites of production of 
the fluid. There is no evidence that the cere- 
brospinal fluid effect is secondary to the renal 
effects of acetazolamide. This drug does not 
cause dehydration, since its primary action is 
not on water but on the renal handling of bi- 
carbonate, sodium, and potassium. Animals!* 
and patients (table 2) maintained on the drug 
for long periods of time show no evidence of 
dehydration or chemical changes associated 
with this state. Acetazolamide does cause sys- 
temic acidosis, but this cannot reasonably ac- 
count for the spinal fluid effect since it has 
been shown by Kister? and by Tschirgi* that 
inhibition of cerebrospinal fluid flow by intra- 
venous acetazolamide in the cat begins within 
a few minutes, long before an acidosis has 
time to develop. However, the presence of 
acidosis on chronic administration may poten- 
tiate the response to the drug. 

It is interesting that the range of effective 
doses is higher for the control of hydrocepha- 
lus than for the treatment of glaucoma. In 
glaucoma, a dose of 15 mg. per kg. is ade- 
quate and perhaps maximal, whereas an aver- 
age dose of about 60 mg. per kg. gave maximal 
pressure reduction in hydrocephalus. However, 
our data also suggest that lower doses (20 to 
40 mg. per kg. per day), although not max- 
imally effective, can be useful for lowering 
spinal fluid pressure. Further work remains 
to be done on this point. Clinically, no un- 
toward reactions, acute or chronic, have ever 
been observed in these children on oral drugs 
for periods of one to two years. It is recom- 
mended, however, that the dose be built up 
gradually in hydrocephalics, possibly starting 


with a dose of 12 to 15 mg. per kg. per day 
and increasing by the same amount every two 
weeks until control of pressure is established. 
The dose must be determined individually, 
since there is a great variation in patients, 
which is understandable in view of the diver- 
sity of the syndrome and its etiology. The high 
dose, once attained, should never be with- 
drawn suddenly because of the danger of in- 
ducing a seizure in patients with latent or 
overt epilepsy which may accompany hydro- 
cephalus. 

Intravenous injection of acetazolamide has 
been reported to raise (for 20 to 80 minutes) 
the intracranial pressure in animals*°-*? and 
in man.?* We have studied the effect on cere- 
brospinal fluid pressure of acute oral acetazola- 
mide in six children with normal cerebrospinal 
fluid dynamics and in five children with hydro- 
cephalus. We used a dose range of 75 to 88 
mg. per kg., which produced in some cases 
plasma concentrations of drug at one to three 
hours as high as would be expected to follow 
in 15 to 30 minutes the intravenous injection 
of 14 to 20 mg. per kg., the doses used in the 
human study cited.** We could not distinguish 
in any clear-cut fashion between the effects of 
oral acetazolamide and a placebo (triple sul- 
fonamide mixture); with both agents there 
were some rises (within the first five hours) 
of about 100 mm. water, with the suggestion 
that in some of the hydrocephalics the effect 
of acetazolamide was more than that of the 
placebo. In any case, such effects were small 
(often less than those observed during crying 
or restlessness) and not consistent; they were 
quite unlike the results of intravenous injec- 
tion, which we have confirmed. There does 
not appear to be any contraindication, there- 
fore, to the administration of large oral doses 
of acetazolamide to patients with raised intra- 
cranial pressures. In all of the five hydro- 
cephalics studied in this fashion, the spinal 
pressure began to decline six to 24 hours after 
the onset of treatment; 24 to 48 hours later the 
pressures ranged from 48 to 95 mm. water. 


SUMMARY 


Plasma and spinal fluid electrolytes and 
spinal fluid pressures were studied in patients 
undergoing acetazolamide therapy and com- 
pared with untreated control values. 
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The distribution ratios of sodium, potassium, 
and chloride between spinal fluid and plasma 
water were approximately the same in untreat- 
ed patients, in patients receiving 12 mg. per 
kg. per day of acetazolamide, and in patients 
receiving 66 mg. per kg. per day. 

The bicarbonate ratio during therapy was 
not lower than the control value; on high dose 
it was even somewhat higher than the control. 
Thus, reduction of cerebrospinal fluid pressure 
with a carbonic anhydrase inhibitor is not 
brought about by a decrease in the bicarbonate 
gradient between the fluid and plasma. The 
increase in bicarbonate ratio may reflect spinal 
fluid pH maintenance (in the face of systemic 
acidosis) or possibly a failure of removal of 
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Clinical evaluation of Spirodon 


Gilbert Frank, M.D. 


IN THE SUMMER OF 1956 Spirodon, a new syn- 
thetic spirohydantoin compound, was made 
available to the neurology division, University 
of Minnesota Medical School, for evaluation in 
the treatment of convulsive disorders. This 
compound is a synthetic cyclic ketone contain- 
ing the hydantoin molecule and is, thus, re- 
lated to Dilantin. It is one of many compounds 
being produced and evaluated today in an at- 
tempt to improve medical therapy for the large 
segment of paroxysmal disorders which is not 
adequately controlled by present anticonvul- 
sant drugs. Spirodon has been tested exten- 
sively! in laboratory animals, including the 
rabbit, cat, rat, and dog, and found to provide 
effective control of artificially (electrical and 
Metrazol) produced seizures in relatively non- 
toxic doses. Animal studies indicate a large 
margin of safety between effective and toxic 
doses.' A recent clinical study of Spirodon*® 
seems to indicate the drug is useful in treating 
convulsive disorders. 

The purpose of this study was to: 1) eval- 
uate the effectiveness of Spirodon in control- 
ing seizures, 2) determine toxic effects of the 
drug, and 3) combine and weigh clinical po- 
tency against toxic effects to decide whether 
this drug might be clinically useful as an anti- 
convulsant. 


MATERIAL 


Twenty-nine patients in our seizure clinic 
have been given Spirodon in the past 18 
months. It was not considered justifiable to 
alter the medication of well controlled epilep- 
tics in order to try an experimental and pos- 
sibly toxic drug. For this reason, most of these 
patients were selected, with a few exceptions, 
because of poor control on fairly large doses 
of two or more commonly used anticonvulsants 
(table 1, column headed Medications Prior to 
Spirodon; this column indicates the medica- 
tions taken by patients immediately prior to 
Spirodon). A few patients had received only 


and Frank Morrell, M.D. 


small doses of anticonvulsant drugs previously, 
with poor control. The mean monthly seizure 
frequency in this selected group of patients 
varied from 2.3 to 90 seizures per month, ex- 
cept for one patient who had only five seizures 
per year and is not considered representative 
of the type of patient included in this series. 
The duration of epilepsy in this group varied 
from three years to 25 years; the mean dura- 
tion of illness was 13 years. 

In eight cases it was impossible to determine 
the seizure frequency with any reliability. Sev- 
eral of these patients were schizoid (or frank- 
ly schizophrenic), mentally retarded, unco- 
operative, or simply unaware of the number of 
seizures they experienced. Understandably it 
would be difficult or impossible in these cases 
for the patients, parents, or guardians to give 
an accurate seizure count. However, it was 
not difficult for these people to provide us with 
information regarding toxic effects or general 
statements regarding improvement or lack of 
improvement. Because of the lack of objective 
information regarding seizure frequency, each 
of these eight patients was considered “unim- 
proved” for this series. Information regarding 
toxic effects in these patients was considered 
accurate and accepted for this report. It is 
clear that the method of case selection did not 
provide a “fair” test of the new drug. The fact 
that most of these patients had already been 
shown to be refractory to many of the known 
effective anticonvulsants provided an unusual- 
ly stringent test. 

However, we are well aware of the many 
difficulties which beset any clinical evaluation 
of drug effects, and it was felt that if a distinct 
clinical improvement could be demonstrated 
under these circumstances, the results could 
be considered reliable, within the limits of the 


series. 


From the division of logy, Uni ity of Mi 9 
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CLINICAL EVALUATION OF SPIRODON 


DEFINITION OF TERMS 


The term “generalized” seizures (tables 1 
and 2) includes seizures characterized by bi- 
lateral motor activity (including tonic and/or 
clonic movements), or loss of motor tone or 
control, but not well enough described in the 
chart and/or not having the characteristic elec- 
troencephalographic picture to be definitely 
called focal motor or grand mal. 

The term “akinetic” seizure (table 1) is 
used here as a descriptive term referring to 
acute paroxysmal symmetric loss of motor 
power, without myoclonic or motor features 
resulting in a fall or inability to move. In- 
cluded under this heading is one patient who 
gave a history of “blackout.” 

The term “psychomotor seizure (nightmares)” 
(table 1) refers to a 69 year old man with 
polyostotic fibrous displasia; a roentgenogram 
showed a thickened enlargement of the inner 
table of the skull over the left temporal-occipi- 
tal-parietal area, and the electroencephalogram 
showed a left temporal-occipital spike focus. 
This man has had generalized motor seizures 
in the past which were completely relieved by 
Dilantin and Mebaral; however, he continued 
to have infrequent typical psychomotor seiz- 
ures with automatism and almost nightly epi- 
sodes described as “nightmares” in which he 
found himself fighting with dead acquaint- 
ances. These episodes occurred during sleep 
and were manifested by a fearful expression 
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on the patient's face, flailing of the limbs, 
shouting, and talking which understandably 
disturbed the patient's wife. It was felt that 
these nightmare phenomena were atypical psy- 
chomotor seizures. 

“Psychomotor retardation” (table 1) is used 
here to describe generalized definite slowing 
of thought, speech, and motor activity, often 
accompanied by anorexia and ataxia. 


METHOD OF STUDY 


Spirodon is available in 0.5 gm. tablets. Ini- 
tially patients were instructed to take 0.5 to 
1.5 gm. per day in divided doses. Previous 
medications were continued without change. 
As the Spirodon dosage was gradually in- 
creased over a period of one to several months, 
the patient's previous medications were very 
gradually reduced if the seizure pattern was 
stable or showed some improvement. The goal 
aimed for was a maximum dose of 4 gm. of 
Spirodon per day in four divided doses, with 
complete withdrawal of other medications. 
This goal was seldom achieved in the present 
study. During the first several months a pa- 
tient was on Spirodon, white blood cell and 
differential counts were done at each clinic 
visit and in some cases liver profile studies 
were done. Clinic visits were scheduled at one- 
week to one-month intervals during the early 
phase of Spirodon usage. These intervals were 
gradually increased if the patient was free of 
toxic reactions. At each clinic visit the exam- 


TABLE 2 
RELATION BETWEEN THERAPEUTIC RESULT AND CLINICAL SEIZURE TYPE 


Clinical Seizure Number of Number of Patients Per Cent of Patients 
Type Cases Improved Improved 
Pure psychomotor 5 5 100% 
| Psychomotor 16 10 62.5% 
Mixed psychomotor 11 5 45% 
and other types 


Pure focal motor 
Focal 

Mixed focal motor 

and other types 

Generalized 2 
Generalized 

Mixed generalized 

and other types 


Pure centrencephalic 


Centrencephalic 
Mixed centrencephalic 
and other types 


All types 29 


| | 


50% 


43% 


15 52% 


+ 
4 
| 
\ 
2 
5 


534 NEUROLOGY 


ining physician attempted to ascertain the 
number and type of seizures the patient had 
since his previous clinic visit and what, if any, 
toxic reactions had occurred. The over-all re- 
sult of this study is summarized in table 1. 
Tables 2, 3, and 4 break down some important 
components of therapeutic results and toxic 
effects. 

SEIZURE CONTROL 


Twenty-one patients in this series have ac- 
curate seizure counts over periods from three 


mean monthly seizure frequency] mean monthly seizure 
Per Cent before Spirodon frequency while on Spirodon 
x 


weeks to 18 months, which is the range of 
trials of Spirodon. Accurate counts were made 
for like periods immediately prior to the insti- 
tution of Spirodon therapy. An attempt to 
show objective evidence for or against the ef- 
fectiveness of Spirodon was made in two ways. 
The first is an evaluation of improvement 
based on clinical judgment and the calculation 
of a figure we choose to call Per Cent Improve- 
ment (table 1). Per Cent Improvement is cal- 
culated as follows: 


Improvement = 


100 


mean monthly seizure 
frequency before Spirodon 


It was arbitrarily decided that, if a patient had 
a Per Cent Improvement greater than 33%, 
we would consider this significant and say 
that the patient had been improved (or made 
worse) by Spirodon. Using this calculation 
and criterion, it was found that 16 patients 
(55 per cent) had a significant improvement 


prior to Spirodon 


in seizure control while on Spirodon. None 
of the patients was made worse by this drug. 

Another statistical method was used* which 
provides a measure of significant change in 
seizure frequency rather than Per Cent Im- 
provement. A test statistic, “t,” was calculated 
as follows: 


[ total seizures during M months a = [ total seizures in M months | 


on Spirodon 


total seizures in M months 
prior to Spirodon 


M = Number of months of trial of Spirodon. 


This test statistic “t” is based on the assump- 
tion that, if observed over a prolonged period, 
seizures have a fairly regular or “Poisson” dis- 
tribution in time. It is easily seen that “t” is 
a function of the seizure density or frequency 
before and while on Spirodon, as well as the 
length of trial. Tables of “t” show that the 
probability of “t” being greater than 2.58 is 
less than 1 in 100. One can say with some 
assurance that, if “t” is greater than 2.58, the 
seizure frequency has been significantly modi- 
fied by Spirodon. Applying this calculation to 
our test data, we found that 15 patients (52 
per cent) showed significant improvement in 
seizure control (tables 1, 2, and 3). The “t” 
test and Per Cent Improvement calculations 
correlate well but, since the “t” test appears 
to be more objective and critical, we have 
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es total seizures in M months 
on Spirodon 


based our tables and conclusions on this meth- 
od. The Per Cent Improvement figures are 
also included (table 1). 

Table 2 shows the relation of clinical seiz- 
ure type to effectiveness of Spirodon. Patients 
are subdivided into clinical descriptive seiz- 
ure patterns. The table shows the number of 
cases of each type and the number of patients 
of that type which were improved. It indi- 
cates that patients with psychomotor seizures 
were markedly affected by Spirodon in this 
series. When the group of patients having 
pure psychomotor seizures and the group hav- 
ing psychomotor seizures mixed with other 
types (that is, focal motor or generalized) are 
taken collectively, we have a total of 16 cases, 
of whom 10 (62.5 per cent) improved sig- 
nificantly. This is a notably higher figure than 
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TABLE 3 
RELATION BETWEEN THERAPEUTIC RESULT AND EEG CLASSIFICATION 


Number of Number of Patients Per Cent of Patients 
EEG Class Patients Improved Improved 
Pure unifocal \ 3 2 67% \ 
Pure focal 7 5 71.5% 
Pure multifocal ‘ 4) 3 75% 
Mixed focal and 
diffuse abnormal ll 5 45% 
Diffuse abnormal 7 4 57% 
Bilateral synchronous 
or centrencephalic 3 1 33% 
Normal 1 0 0 
All types 29 15 52% 


the over-all average for the series and for the 
other clinical types of seizures considered. The 
focal motor group appears next most markedly 
affected. It is interesting to note that most of 
the “focal motor” group had focal temporal 
lobe abnormalities on the electroencephalo- 
gram. 

Table 3 is set up to indicate the relation 
between electroencephalographic classification 
and therapeutic result with Spirodon. Electro- 
encephalograms fall into six classifications. 
These are: 1. pure unifocal; 2. pure multi- 
focal; 3. mixed focal and diffuse abnormalities; 
4. diffuse abnormalities (including slow, sharp, 
spike, and multiple spike and wave abnormali- 
ties, none of which are focal); 5. bilateral syn- 
chronous or “centrencephalic” type electroen- 
cephalographic abnormality; and 6. normal. 
Considering the electroencephalograms as we 
did in table 3, we find that, when the pure 
unifocal and pure multifocal groups are taken 
as a single unit, they total seven patients, five 
of whom (71.8 per cent) showed significant 
improvement. As with the aforementioned 
“psychomotor” groups, this again is a notably 
higher percentage of patients improved than 
any of the other groups considered; it is also 
much higher than the over-all 52 per cent im- 
provement for the series. Of the seven patients 
with focal electroencephalographic abnormali- 
ties, six had foci limited to the temporal lobe. 

Marked increase in seizure frequency occur- 
ring soon after sudden withdrawal of an anti- 
convulsant is thought to be a good indication 
that the drug is effective as an anticonvulsant. 
A total of 16 patients suddenly stopped taking 
Spirodon at some time during this study. Nine 


of these 16 patients (56 per cent) had marked 
increase in seizure frequency within 72 hours 
after withdrawal. 


TOXIC EFFECTS 


Undesirable side reactions occurred in 17 
patients (59 per cent) (table 1). A breakdown 
of these side reactions is seen in table 4. Nine 
patients (31 per cent) had to discontinue 
Spirodon because of severe or threatening toxic 
reactions. These reactions are summarized 
below. 

Case 1 developed a scaling rash over both ears 
and increased irritability. These reactions dimin- 
ished when the patient was taken off the drug and 

TABLE 4 
SIDE REACTIONS OF SPIRODON 


Number of Per Cent of 

Patients with Total Patients 
Side Reaction Symptom on Spirodon 
Rash 6 21% 
Lethargy 5 17% 
Psych tor retardation 5 17% 
Ataxia 4 14% 
Leukopenia (WBC<4,000 ) 4 14% 
Confusion, loss of contact 
with reality 3 10% 
Tactless, irritability 2 7% 
Fever (associated with rash) 2 7% 
Anorexia, weight loss 2 7% 
Depression 2 7% 
Slow speech, slurring 2 7% 
Memory defect 2 7% 
Weakness 1 3% 
Tremor 1 3% 
Nystagmus 1 3% 
No side reaction reported 12 41% 
Total number of patients 
with side reactions 17 59% 
Total number of patients 
with severe reactions who 
had to be taken off Spirodon 9 32% 
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reappeared when he was put back on the drug to 
confirm the cause of the rash. The rash —- 
peared again when Spirodon was withdrawn fi- 
nally. 

Case 12 developed a marked psychomotor re- 
tardation with severe ataxia, confusion, and speech 
perseveration. Withdrawal of Spirodon resulted in 
some improvement of toxic symptoms but a marked 
increase in seizures. The patient was subsequently 
committed to a custodial institution. 

Case 13 voluntarily decreased her medication 
because of toxic effects, especially ataxia and 
drowsiness. These became so severe after the 
fourth month of trial that her medication was 
discontinued by the examining physician, with 
subsequent relief of toxic symptoms. 

Case 15 developed marked psychomotor retarda- 
tion, with weight loss and anorexia. She was hos- 
pitalized, taken off Spirodon, and improved rap- 
idly. 

Case 16 developed a generalized morbiliform 
rash three days after beginning Spirodon and noted 
some slight weakness accompanying this. Spirodon 
was discontinued and within 48 hours the rash 
had disappeared. At a later date this patient re- 
turned to the Seizure Clinic and reported that 
during the three days he had been on Spirodon 
he had experienced no nightmares, whereas pre- 
viously, and since, they occurred almost nightly. 
It was decided to try Spirodon again, 0.5 gm. at 
bedtime. He has been able to increase the dose 
to 0.5 gm. twice daily and has obtained excel- 
lent control of the nightmares, with no side re- 
actions. 

Case 20, a 69 year old man with arteriosclerotic 
brain damage, same severely depressed and 
made two suicidal attempts after three weeks on 
the drug. He was hospitalized and Spirodon was 
withdrawn. He did not improve much after with- 
drawal of Spirodon and was committed to a cus- 
todial institution. 

Case 26 developed severe psychomotor retarda- 
tion, with nystagmus, tremor, and paranoid idea- 
tion after four months on the drug. She was taken 
off the drug and improved within a week. 

Case 27 developed a generalized pruritic macu- 
lar confluent rash with a mild fever (100° F.) nine 
days after starting Spirodon. The white blood 
count at that time was 1,900, with 52 per cent 
polymorphonuclear leukocytes, 32 per cent lym- 
phocytes, 6 per cent monocytes, 8 per cent eosino- 
“eae and 2 per cent basophils. The patient was 

ospitalized, given Benadryl 25 mg. four times 
daily, Spirodon was discontinued, and the rash 
and fever cleared over a period of four days; the 
white blood count returned to normal in the 
same time. 

Case 28 developed a generalized morbiliform 
rash, with pruritus and a temperature of 103° F. 19 
days after being put on Spirodon. He was hospi- 
talized, Bote Benadryl 25 mg. four times daily, 
taken off Spirodon, and the rash and fever cleared 
in three days. 


In addition to the above mentioned nine 
patients, eight others had toxic side reactions, 
but none severe enough to necessitate with- 
drawal of Spirodon. Table 4 lists the toxic re- 
actions and illustrates their relative frequency 
of occurrence. The five most common toxic 
side reactions of Spirodon were: 1) rash (usu- 
ally morbiliform, red and confluent) which 
occurred in six patients (20.7 per cent); 2) 
varying degrees of lethargy, which occurred in 
five patients (18 per cent); 3) psychomotor 
retardation, which occurred in five patients 
(18 per cent); 4) ataxia, occurring in four 
patients (14 per cent); and 5) leukopenia 
(white blood count less than 4,000 at any 
time during Spirodon therapy), which oc- 
curred once in each of four patients (14 per 
cent). Most of these toxic symptoms were re- 
versed within a few days after withdrawal of 


Spirodon. 
DOSAGE 


The lowest doses on which improvement in 
seizure control were first noted are listed in 
table 1 under “lowest effective dose.” These 
doses vary from 0.5 to 4 gm. daily, with a 
mean of 2 gm. per day in divided doses. The 
doses at which toxic effects were first noted 
are listed under “toxic dose” in table 1. These 
doses range from 1 to 4 gm. daily, with a 
mean of 2.5 gm. per day. 


SUMMARY AND CONCLUSIONS 


Twenty-nine patients, who in the past were 
inadequately controlled on other anticonvul- 
sant medications in fairly large doses, have 
been given a trial on Spirodon, a new anticon- 
vulsant agent. Fifteen of the 29 patients (52 
per cent) showed a statistically significant im- 
provement while on Spirodon. Consideration 
of these patients according to clinical seizure 
type indicates that psychomotor seizures are 
most markedly affected by Spirodon. A fur- 
ther breakdown of the 29 patients according to 
electroencephalographic classification indicates 
that, of the electroencephalographic types con- 
sidered in this study, those with only focal en- 
cephalographic abnormalities respond most en- 
couragingly to Spirodon; most of these focal 
abnormalities were in the temporal lobe. Nine 
of 16 patients withdrawn suddenly from Spiro- 
don had an exacerbation of seizures within 72 
hours. 
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Toxic reactions to Spirodon occurred in 17 
patients (59 per cent). Nine of these (32 per 
cent) had reactions severe enough to demand 
that the drug be withdrawn. Rash, lethargy, 
psychomotor retardation, ataxia, and confusion 
were the chief side reactions. Leukopenia oc- 
curred in four patients, but in only one case 
was it at all threatening. One patient who 
was withdrawn from Spirodon because of 
rash was subsequently put back on the drug 
without any side reactions. Most of the toxic 
reactions so far observed have been found 
early and responded readily to symptomatic 
therapy, including withdrawal of the drug. 

Effective doses of Spirodon ranged up to 4 
gm. per day but averaged 2 gm. per day, 
while toxic doses averaged 2.5 gm. per day. 

The 29 patients reported in this study are 
too few from which to draw broad conclusions. 
However, we feel that this study indicates that 
Spirodon is a useful anticonvulsant agent, par- 
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@ Circumstances and symptoms warn us of the app.vach of an epileptic fit; but the 
most remarkable precursor of the disease is a sensation which persons find great 
difficulty in describing, which generally passes from the extremities to the head, and 
is immediately followed by the paroxysm. This sensation has been likened by some 
to that of a cool and gentle air blowing on the part affected, hence called aura 
epileptica; by others, to that of a stream of cold water running from different parts 
to the head, or to a sense of the creeping of insects from the extremities upwards, 


denominated formicatio. 


This symptom, or as some call it, cause, of epilepsy has been noticed by almost 
all writers on the disease both ancient and modern. 


John Cooke in A Treatise on Nervous Diseases, 
published in 1824. 
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of childhood 


Acute cerebellar syndrome 


Michael E. Blaw, M.D. and John C. Sheehan, M.D. 


In 1868 Shepherd! described a five year old 
child, who during scarlet fever suddenly de- 
veloped “speechlessness and inability to move” 
followed by ataxia. In this case there was 
incomplete recovery within four months with 
no further follow-up. Prior to 1900, there were 
several reports of acute ataxic syndromes fol- 
lowing typhoid fever,*-* dysentery,* and small- 
pox.? Batten® and Griffith® later described 
acute cerebellar syndromes in children, the 
majority also associated with exanthems and 
bacterial infections such as pertussis and ty- 
phoid fever. More recently, Klingman and 
Hodges’ reported the association of an acute 
cerebellar syndrome with mild upper respira- 
tory tract infections. The present paper pre- 
sents cases seen in the last ten years at the 
University Hospital, which illustrate a more 
or less homogeneous clinical picture for this 
phenomenon. 

Cases were selected from patients for whom 
a diagnosis of ataxia was made. Eight patients 
were found in whom the ataxia had acute 
onset and undetermined origin. 


CASE REPORTS 


Case 1. A boy aged three years and four months 
developed fever, enlarged cervical nodes, and ano- 
rexia on November 1, 1953. The family physician 
prescribed penicillin and the symptoms subsided 
in four days. The evening of November 7 he vom- 
ited, and upon awakening the next morning he was 
unable to walk because of a marked disturbance 
in balance. Titubation was present even in the sit- 
ting position, and the family noted constant side- 
to-side movements of the eyes. There was some 
restlessness and irritability, but no convulsions. His 
speech was indistinct. When his symptoms persist- 
ed he was referred to University Hospital on No- 
vember 11. 

On examination the child was alert, although 
irritable. There was a slight degree of nuchal 
rigidity. His speech was slurred. There was hori- 
zontal nystagmus in both the primary position and 
on lateral gaze. The sunehaler of cranial nerves 
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were normal, The sensory system was intact. Mo- 
tor strength and tone and deep tendon reflexes 
were normal throughout. The plantar responses 
were flexor. Ataxia and intention tremor were 
found in all extremities, but trunkal ataxia was 
considered to predominate. 

Laboratory findings. The white cell count was 
10,100 per cu. mm., with 50 per cent polynuclear 
cells, 40 per cent lymphocytes, 4 per cent mono- 
cytes, and 5 per cent eosinophils. A lumbar punc- 
ture on November 14, 1953 showed the opening 
pressure was 220 mm., with the patient crying: 
there were 6 white cells per cu. mm., a negative 
Pandy reaction, and protein 70 mg. per 100 cc. 
Roentgenograms of the chest, skull, and optic 
foramina were normal. 

On admission the patient had a temperature of 
101° F., with some elevation in temperature as 
late as the sixth hospital day. On the sixth hos- 
pital day slight improvement in ataxia was noted. 
He was discharged on the fourteenth hospital day, 
able to walk without support but with demonstra- 
ble nystagmus and ataxia, Reexamination six weeks 
later revealed no abnormal neurologic signs. 

Case 2. A boy aged three years and one month 
was in good health until May 24, 1953, when he 
had a fever of 103° F. for 24 hours. Three days 
later he developed a cough and the following day 
again had fever. He was treated with sulfona- 
mides and the temperature returned to normal. 
On June 1, 1953 he awoke and was found to have 
side-to-side shaking of the body and head. Walk- 
ing was difficult because of marked staggering and 
falling. His gait improved after he had been up 
for a while, but after his afternoon nap walking 
was again affected. He continued to be unsteady 
for the next three days, having more severe symp- 
toms upon awakening. No convulsions were noted. 
On June 3, 1953 a lumbar puncture was per- 
formed at another hospital which showed normal 
pressure, 6 cells (2 polynuclears and 4 lympho- 
cytes), and protein 15 mg per 100 cc. 

Examination at University Hospital on June 5, 
1953 revealed marked trunkal ataxia without nys- 
tagmus. The tendon reflexes were hypoactive. 
Plantar responses were flexor. Strength and tone 
were normal throughout. 


From the department of neurology, University Hospital, 
Ann Arbor, Michigan. 

Read by title at the tenth annual meeting of the American 
Academy of Neurology, Philadelphia, April 24-26, 1958. 


P ce 
in 
39 
Re 
mi 
ste 
bk 
He 
be 
los 
ha 
bo 
sh 
co 
m 
of 
fe 
tre 
sis 
wi 
. Sh 
ba 
Wi 
qu 
‘ cu 
a: 
m 
bu 
no 
ta 
str 
no 
th 
Pl: 
rel 
int 
10 
ce 
me 
sh 
all 
60 
tiv 
ve 
tei 
10 
ab 
inc 
ho 
= = the 
we 
wi 
chi 
= 


ACUTE CEREBELLAR SYNDROME OF CHILDHOOD 


Laboratory findings. Total white count was 
10,500 per cu. mm., with 50 per cent polynuclear 
cells, 35 per cent lymphocytes, 36 monocytes, and 
46 per cent eosinophils. Cerebrospinal fluid exam- 
ination revealed 4 white cells per cu. mm., protein 
39 mg. per 100 cc., and sugar 105 mg. per 100 cc. 
Roentgenograms of the skull and chest were nor- 
mal. 

The patient was afebrile throughout a hospital 
stay of eight days, but he was restless and irrita- 
ble. On discharge his symptoms were still present. 
He was examined four months later and found to 
be asymptomatic and free of any abnormal neuro- 
logic signs. 

Case 3. A girl aged three years and two months 
had received a diphtheria, pertussis, and tetanus 
booster shot on May 10, 1956. The following da 
she developed an upper respiratory infection, wit 
coryza, cough, irritability, and anorexia. On the 
morning of May 14 she was unable to get out 
of bed without support. She was unsteady on her 
feet and had to hold on to the furniture: She was 
treated with antibiotics, but her unsteadiness per- 
sisted, although it fluctuated from day to day and 
was more severe in the morning upon awakening. 
She had some transient complaints of pain in the 
back of her knees. On May 19 a lumbar puncture 
was performed at another hospital and showed 
questionable increased pressure, 34 white cells per 
cu. mm. (1 polynuclear cell and 33 lymphocytes), 
a4+ Pandy reaction, and sugar 28 mg. per 100 cc. 

The admission physical examination revealed 
moderate nuchal rigidity. The patient was irritable 
but mentally alert. Cranial nerve examination was 
normal, with no evidence of papilledema or nys- 
tagmus. The sensory system was intact. Motor 
strength was normal, but some hypotonia was 
noted. There was generalized hyporeflexia, al- 
though the deep tendon reflexes were symmetric. 
Plantar responses were equivocal, and abdominal 
reflexes were present bilaterally. There was an 
intention tremor in the upper extremities and 
marked trunkal ataxia with a wide-based gait. 

Laboratory findings. The total white count was 
10,900 per cu. mm., with 52 per cent polynuclear 
cells, 40 per cent lymphocytes, and 8 per cent 
monocytes. A lumbar puncture on May 21, 1956 
showed an opening pressure of 95 mm., 12 cells, 
all lymphocytes, a 44+ Pandy reaction, and sugar 
60 mg. per 100 cc.; the acid-fast smear was nega- 
tive. A repeat lumbar puncture on May 30 re- 
vealed 3 lymphocytes, a 24+ Pandy reaction, pro- 
tein 490 mg. per 100 cc., and sugar 52 mg. per 
100 cc. An electroencephalogram was diffusely 
abnormal. Roentgenograms of the chest were nor- 
mal, but those of the skull showed questionable 
increased digital markings. 

The patient remained afebrile throughout her 
hospital stay. From the seventh hospital day on, 
there was steady symptomatic improvement. She 
was discharged on June 6, 1956 improved, but 
with an ataxic gait. Follow-up revealed that the 
child became asymptomatic within two months, 
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except for irritability which continued for another 
month. 

Case 4. A three year old girl, who showed poor 

eneral hygiene as a consequence of parental neg- 
ect, was in good health until October 4, 1953, at 
which time she had an upper respiratory infec- 
tion which cleared spontaneously. The history was 
difficult to obtain and unfortunately it was incom- 
plete. On October 11, 1953 the child was perfectly 
well. At 2:30 p.m. on that day the patient was 
sitting in a chair apparently quite happy. She got 
up from the chair and was unable to walk due to 
unsteadiness, with a predominance of falling to 
the left. 

She was examined at the University Hospital 
on October 11, 1953. There was an obvious muco- 
purulent discharge from the nasopharynx. Mild in- 
flammation of the left tympanic membrane was 
present. Cranial nerve examination revealed no 
evidence of papilledema or nystagmus. Sensory ex- 
amination was normal. Deep tendon reflexes were 
hyperactive and there was a questionable extensor 
plantar response on the left. There were no menin- 
geal signs. Her gait was ataxic, with a tendency to 
fall to the left. 

Laboratory findings. Total white count was 
21,700 per cu. mm., with 62 per cent polynuclear 
cells, 32 per cent lymphocytes, 3 monocytes, and 
2 eosinophils. Examination of the cerebral spinal 
fluid revealed 3 white cells per cu.mm., sugar 
57 mg. per 100 cc., and protein 37 mg. per 100 cc. 

During her stay in the hospital ascaris was found 
in the patient’s stool. The patient was discharged 
on the third hospital day against medical advice. 
At the time she left the hospital her ataxia was 
considered improved. No follow-up was possible. 

Case 5. An 18 month old girl had sudden onset 
of unsteadiness on January 5, 1955. At the age of 
six months the child fell and struck her head. 
There was no unconsciousness, but that evening 
the infant vomited several times and had jerking 
of her eyes. The following morning the infant was 
described as perfectly well. At age 12 months, fol- 
lowing an upper respiratory infection, the child 
awoke one morning with vomiting which lasted 
24 hours. Associated with this the child seemed 
“to favor her right side.” On this occasion the 
child did not attempt to walk for one week. Ab- 
normal eye movements were not observed. The 
parents described her as acting “dizzy” and not 
able to hold her head up. The present illness 
began two weeks prior to admission, at which time 
the patient had an upper respiratory infection as- 
sociated with a fever of 104° F. She was treated 
with penicillin. Four days prior to admission the 
sudden onset of “projectile vomiting” was noted. 
She had difficulty standing. The child was de- 
scribed as appearing drunk and having jerking 
movements of the eyes. She was unable to hold 
her head up. When symptoms persisted over 24 
hours, the parents sought medical attention. 

Physical examination revealed temperature to be 
100.2° F. Slightly inflamed pharynx and tonsils 


| | | 

XES 

ere 

was 

was 

lear 

no- 

ing 

ing: 

tive 

ce. 

ptic 

» of 

as 

10s- 

ted. 

lay, 

tra- 

mth 

he 

lays 

day 

yna- 

nal, 7 

ave 

alk- 

and 

up 

xing 

ady 

m 

per- 

‘mal ’ 

e 5, 

nys- 

tive. 

tone 

pital, 

rican 

58. 


were noted. There was no nuchal rigidity. She 
would fall to either side in attempting to sit up. 
Her gait was markedly ataxic. There was no nys- 
tagmus. Deep tendon reflexes were equal and 
normally active. Plantar responses were flexor bi- 
laterally. 

Laboratory findings. Total white count was 
13,200 per cu. mm., with 47 per cent polynuclears, 
48 per cent lymphocytes, 3 monocytes, and 2 
eosinophils. Lumbar puncture revealed normal 
pressure, 3 lymphocytes per cu. mm., a 1+ Pandy 
reaction, protein 49 mg. per 100 cc., and sugar 
normal. Roentgenograms of skull, including Sten- 
vers views, were normal. An _ electroencephalo- 
gram showed a mild generalized abnormality. 

While in the hospital the child showed rapid 
improvement. Four days after admission no ab- 
normal neurologic signs were found. The patient 
was othe: a month later and was found to 
be normal. 

Case 6. A 22 month old girl was in good health 
until two weeks prior to admission when she de- 
veloped symptoms of fretfulness and anorexia. 
Upper respiratory symptoms did not predominate. 
Four days prior to admission the patient awoke in 
the morning trembling. She could not walk be- 
cause of marked staggering and falling. During 
the day the ability to balance improved, but there 
was exacerbation after every nap. 

On general physical examination there were no 
abnormalities. On neurologic examination the pa- 
tient was irritable but generally alert. There was 
no nystagmus or papilledema. Titubation of the 
head was noted. There was marked ataxia which 
was primarily trunkal. Yr tendon reflexes were 
normal throughout and plantar responses were 
flexor. 

Laboratory findings. Total white count was 
12,150 per cu. mm. with 22 per cent polynuclear 
cells, 64 per cent lymphocytes, 2 per cent mono- 
cytes, and 1 per cent eosinophils. No lumbar 
puncture was performed. Roentgenograms of the 
skull and chest were normal. 

During the patient’s hospital stay she showed 
steady improvement. By the fourth hospital day 
the child was neurologically negative. 

Case 7. A 16 month old boy was in his usual 
health until two weeks prior to admission when he 
developed a cold. This subsided sportaneously 
without treatment. Two days prior to admission 
the patient had the sudden onset of inability to 
walk or crawl. He was irritable and restless. 
Emesis had occurred only once on the day prior 
to onset. 

On physical examination the child was irritable 
but alert. The temperature was 100.8° F. There 
were no meningeal signs. On neurologic examina- 
tion marked trunkal ataxia was noted. Deep ten- 
don reflexes were normal throughout, as were 
strength and tone. The parents refused hospitali- 
zation because of financial reasons. A follow-up 
phone call to the family physician indicated that 
recovery was complete, although the exact length 
of time is not known. 
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Case 8. A girl aged two years and three months 
was in good health until six months prior to ad- 
mission when she fell five feet to a cement floor 
landing on the right side of her face. She was 
dazed for a short time after the accident. Skull 
films and lumbar puncture performed at another 
hospital at that time were reported as normal. 
There were no known residuals. Two weeks prior 
to admission the patient was noted to have a 
tremor of the hands and staggering gait. There 
was no antecedent upper respiratory infection. 
Over the two-week period prior to admission ataxia 
and tremor were gradually progressive. There was 
no fever or convulsions, although she was restless 
and irritable. 

She was admitted to the hospital on November 
17, 1954 and a grossly ataxic, wide-based gait was 
noted. The cerebellar signs were symmetric bi- 
laterally. There was a marked bilateral intention 
tremor. A fine rotatory nystagmus on horizontal 
gaze and a vertical nystagmus on upward gaze 
were noted. Extraocular movements were full. 
Originally there was some question of papilledema, 
but this was not substantiated on repeated exam- 
ination. Deep tendon reflexes were equal, active, 
and symmetric. Muscle strength was normal 
throughout. Some observers found a questionable 
plantar extensor response on the left. 

Laboratory findings. Total white count was 
8,200 per cu.mm.; spinal fluid examination re- 
vealed an opening pressure of 177 mm., no cells, 
a negative Pandy reaction, protein 43 mg. per 
100 cc., and sugar 58 mg. per 100 cc. The elec- 
troencephalogram showed a borderline abnormali- 
ty with no focal disturbance. Roentgenograms of 
the skull were normal. 

Hospital course was afebrile, but ataxia in- 
creased in severity until the child could no longer 
walk. She was discharged and seen one month 
later, at which time there was still no improve- 
ment. The mother was interviewed by phone 
nearly two years after the illness and she stated 
that the child still had poor balance and fell often 
but could walk without staggering. She stated 
that the child’s speech was indistinct. The mother 
felt that the child was normal mentally. 


The eight cases presented in this paper 
illustrate a certain degree of homogeneity in 
clinical course and neurologic signs. In seven 
of the eight patients a nonspecific illness pre- 
ceded the development of cerebellar signs. In 
six Cases upper respiratory tract symptoms pre- 
dominated. In case 6 upper respiratory symp- 
toms were not mentioned, and in case 8 there 
was no history of an antecedent illness. In 
the six patients in whom upper respiratory in- 
fections preceded the development of neuro- 
logic signs, there was a latent period varying 
from four to ten days, with an average of 


eight days. 


Le 

. f 
a 
a 

P 

0 

ir 

b 

Ww 

a al 

q re 
in 

al 

Ww 
Sit 
ge 

ty 
er 
th 

in 


ACUTE CEREBELLAR SYNDROME OF CHILDHOOD 541 


TABLE 1 
SUMMARY OF EIGHT CASES OF ACUTE CEREBELLAR SYNDROME 
Case Antecedent Latent Trunkal Intention Nystag- 
No. Age Illness Period Ataxia Tremor mus Residual 

1 3yr.4mo. Nonspecific fever, 7 days ++-+ t+ + Approx. 0 
adenopathy 4 wk. 

2 <3yr.1mo. Nonspecific fever, 8 days ae 0 0 2-4 mo 0 
cough 

3 3yr.2mo. Nonspecific coryza, 4 days +4++ + 0 2 mo. 0 
cough, anorexia 

4 3yr. Nonspecific 7 days +4+4+ 0 0 No accurate ? 
URI follow-up 

5  lyr.6mo. Nonspecific URI, 10 days 0 1 wk. 0 
fever by history 

6 lyr.10mo. Nonspecific 10 days ++-++ 0 8 days 0 
anorexia, irrita- 
bility 

7 IlLyr.4mo. Nonspecific 12 days +4+4+4+ 0 0 No accurate ? 
“cold” follow-up 


The age of the patients in this series ranged 
from one year and four months to three years 
and four months, with an average of two years 
and eight months. In general, the younger the 
patient, the more rapid was the recovery. In 
only one patient was there any suspicion of 
residual symptoms. 

In all but case 8 the onset of cerebellar 
symptoms was abrupt and reached their zenith 
within 24 hours. In case 8 symptoms were 
gradually progressive over a three-week pe- 
riod. Trunkal ataxia was the most prominent 
neurologic sign in all cases. Upper extremity 
intention tremor was noted in four of the eight 
cases. Nystagmus was present in three cases, 
being prominent in cases 1 and 8. 

Associated symptoms of systemic reaction 
were conspicuous by their absence. Irritability 
and restlessness occurred with a fair degree of 
regularity. Slight temperature elevation was 
present transitorily in two patients. Gastro- 
intestinal symptoms such as nausea, vomiting, 
and diarrhea were minimal. 

Symptoms of cerebral cortical involvement 
were uniformly absent. All patients were con- 
sidered mentally alert, although they were 
generally irritable or restless. In none of the 
patients did convulsions occur during the 
course of the illness. Nuchal rigidity was pres- 
ent in cases 1 and 3, and it should be noted 
that in these two patients the spinal fluid find- 
ings were the most abnormal. 

Laboratory findings also showed a fair de- 


gree of consistency. The peripheral white cell 
count was markedly elevated in only one case; 
differential counts showed a lymphocytosis in 
two cases. The cerebrospinal fluid was exam- 
ined in six cases. White cells were found in 
five. In all but one case the count ranged from 
3 to 6 cells. In case 3 there were 34 cells. 
Cerebrospinal fluid proteins were at the upper 
limits of normal or elevated, being markedly 
elevated in two, case 1 with 70 mg. per 100 
cc. and case 3 with 480 mg. per 100 ce. 


DISCUSSION 


The cases of acute cerebellar ataxia de- 
scribed in the early literature had, as a rule, 
a prodrome of one of the exanthems or a bac- 
terial infection. In most of these cases the 
neurologic disease was ushered in by purely 
cerebral symptoms of increasing coma or con- 
vulsions. It was not until the coma cleared 
or convulsions ceased that ataxia was noted. 
Griffith® felt that the cerebral symptoms were 
a necessary component of the disease and 
he called it “cerebrocerebellar encephalitis.” 
Klingman and Hodges‘* presented the acute 
cerebellar syndrome in a more or less pure 
form. However, of the seven cases presented 
by them, the onset of cerebellar symptoms was 
closely associated with a nonspecific afebrile 
illness in only one case. 

The cases presented here seem to indicate a 
close relationship between the acute cerebellar 
symptoms and a preceding nonspecific upper 
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respiratory infection. Several authors have at- 
tempted to define an infectious etiology for 
this syndrome. Despite the fact that they 
thought there was little to suggest infection, 
Klingman and Hodges’ tested sera of their 
patients for various viral agents, including 
those of St. Louis encephalitis, Eastern and 
Western equine encephalomyelitis, louping ill, 
lymphocytic choriomeningitis, and herpes sim- 
plex. All tests were negative. Berglund and 
co-workers® reported six cases in which they 
felt significant bacteriologic and serologic proof 
was demonstrated to implicate the virus of 
poliomyelitis and influenza A and B. In three 
cases they felt that an infection with the virus 
of poliomyelitis was proved with certainty. In 
the other three cases infection with influenza 
A and B was implicated but the tests were not 
conclusive. In distinction to those presented 
in this paper, Berglund’s cases had no prod- 
romal illness. This they felt was an important 
characteristic. Berglund concluded, however, 
that other pathogenic microorganisms could 
also bring about acute cerebellar syndromes 
and, in this respect, acute cerebellar ataxia 


should be regarded as a syndrome. 


CONCLUSIONS 


Since the acute cerebellar syndrome of child- 
hood is uniformly nonfatal, there has been no 
pathologic material available. Because many 
of the clinical features of this syndrome are 
similar to those of the encephalitis which com- 
plicates measles, it may be enlightening to 
compare the two. Indeed, Tyler’ speculated 
on the possibility that unsuspected measles 
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may be related to the acute cerebellar syn- 
drome of childhood. However, there seems 
little to support this theory in the cases pre- 
sented in this paper and those in the literature. 

Even in the pathologic literature there are 
divergent opinions as to the pathogenesis of 
measles encephalitis. Few investigators hold 
that there is direct invasion of the virus of 
rubeola into the central nervous system. Green- 
field!® supported the theory that measles en- 
cephalitis was due to a secondary invading 
virus which was directed against the nervous 
system by the exanthem, and he expressed this 
belief not only on pathologic but also on epi- 
demiologic and clinical grounds. Ferraro and 
Roizin,™ in finding a great deal of similarity 
between the pathology of measles encephalitis 
and the pathologic changes induced by experi- 
mental antigenic stimuli, ascribed an allergic 
pathogenesis. 


SUMMARY 


Acute cerebellar ataxia is most prevalent in 
children under four years of age. It has been 
observed as a complication of various well de- 
fined infectious diseases and, as reported in 
this paper, following nonspecific upper respira- 
tory infections. There was a well defined latent 
period between the upper respiratory illness 
and cerebellar symptoms. The disease was 
acute in onset and nonfatal. It was self lim- 
ited and without recurrences. If the neurologic 
complications of measles and the acute cere- 
bellar ataxia of childhood do have a common 
basic pathogenesis, the clinical facts tend to 
support the theory of secondary invading virus. 
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Investigation of the primate amygdala: 


Movements of the face and jaws 


Afterdischarge and the anterior commissure 


Laurence L. Frost, Ph.D. Maitland Baldwin, M.D. and 
Charles D. Wood, Ph.D. 


It HAS BEEN SUGGESTED that a functional con- 
nection exists between the amygdaloid nuclei 
and that the structural basis of this connection 
may be interrupted by cutting the anterior 
commissure.! : 

The anatomic studies of Lauer,? Bucy and 
Kluver,* and Fox* and the physiologic inves- 
tigations of McCulloch and Garol® and Run- 
dles and Papez* have indicated that anatomic 
and physiologic relationships exist between 
the amygdaloid complexes, the temporal neo- 
cortices, and the anterior commissure. Lauer 
found that the ventral limb of the anterior 
commissure receives fibers from the basal and 
lateral amygdaloid nuclei and the piriform 
cortex and that the lateral limb receives fibers 
from the temporal neocortex. Bucy and Klu- 
ver found almost complete degeneration of 
the anterior commissure following bilateral 
temporal lobectomy in the monkey. Fox traced 
degeneration to the external capsule and area 
22 following lesions placed in the anterior 
commissure. McCulloch and Garol, investi- 
gating commissural connections in the monkey 
and chimpanzee, found that only connections 
between areas 21 remained after sectioning 
the corpus callosum; they concluded that the 
anterior commissure carried the fibers connect- 
ing these areas. Rundles and Papez obtained 
results similar to those of Bucy and Kluver. 

These studies suggest an important com- 
missural pathway between the temporal lobes 
and perhaps between the amygdaloid com- 
plexes. The anatomic and physiologic evidence 
suggests that the anterior commissure may be 
this pathway. If such a pathway existed, it 
would have significance in the spread of epi- 
leptic seizures having a focal origin in the tem- 
poral lobes. Electroencephalographic studies 


frequently indicate the presence of a focus 
in each temporal lobe. Ajimone-Marsan and 
Stoll? have shown that, if such foci are re- 
corded from the temporal pole, a single focus 
in one temporal pole may be responsible for 
the bilateral appearance of abnormal cerebral 
electrical activity. Sometimes it is possible to 
determine which temporal lobe contains the 
active focus. However, if the abnormal elec- 
trical activity is recorded more posteriorly or 
diffusely into the temporal lobes, lateralizing 
of the primary focus is extremely difficult. 

In this study the authors investigated the 
transmission of epileptiform activity between 
the temporal regions. During the investigation 
the relative importance of the anterior com- 
missure in such transmission was considered. 


MATERIALS AND METHODS 


Twelve monkeys (Macaca mulatta) were 
used as the experimental animals. The mon- 
keys were anesthetized with pentobarbital (25 
mg. per kg.) and placed in a stereotaxic ap- 
paratus. Electrodes were directed toward the 
amygdaloid complexes and the anterior com- 
missure. The coordinates for placement of the 
electrodes were those established by Olszew- 
ski.8 The electrodes, which were used both for 
stimulation and recording, were made from 
26-gauge stainless steel hypodermic tubing. 
They were insulated except at the tip with 
tygon plastic paint. The interelectrode dis- 
tance was approximately 1 mm., whether two 
or six electrodes were used. In all animals 
two electrodes were directed toward the an- 
terior commissure, 2 mm. to the right or the 
left of the midline. In half of the animals 
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two electrodes were directed toward the amyg- 
daloid complex in each temporal lobe. In the 
remainder of the animals two electrodes were 
directed toward the amygdaloid complex of 
one temporal lobe, while a row of six elec- 
trodes was directed toward the amygdaloid 
complex within the other temporal lobe. The 
electrical activity of the cortex was monitored 
by four pairs of electrodes, each tipped with 
a silver ball. Actually the electrical activity of 
the temporal cortex was recorded in each ex- 
periment. Various recordings were also ob- 
tained from the frontal lobes, the upper bank, 
and the parietal lobe. 

A Grass S-4B stimulator was used to pro- 
duce monophasic square waves for stimula- 
tion. The applied voltage ranged from six to 


14 at a pulse frequency of 60 per second and 
a duration of 2.5 milliseconds. Electrographic 
recordings were made with a Grass III-D elec- 
troencephalograph from both temporal cor- 
tices, both amygdalas, the anterior commissure, 
and various other cortical areas, except when 
one pair of recording electrodes was used for 
stimulation. Each of these areas (except for 
cortical areas other than the temporal cortices) 
was stimulated while recordings were made 
from the other positions. 

The placement of the depth electrodes was 
confirmed histologically. 

In this study an afterdischarge was defined 
as a massive discharge following repetitive 
electrical stimulation. This resembled an epi- 
leptic discharge which might remain at the 
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Fic. 1. A. Afterdischarge reported following stimulation of the left amygdaloid nucleus. Stimulation param- 
eters; 8 volts, 60 cycles per second, 2.5 milliseconds duration. 1, 2, 3, and 4, left amygdala; 5, right amyg- 
dala; 6, left parietal; 7, left frontal; 8, electrocardiogram. B. Afterdischarge obtained following stimulation 
of left amygdaloid nucleus. Stimulation parameters; 10 volts, 60 cycles per second, 2.5 milliseconds duration. 


8, left amygdala. 


1, right temporal cortex; 9, left occipital cortex; 2, 3, 4, and 5, left amygdala; 6, left temporal cortex; 7, an- 
terior commissure. C. Afterdischarge following stimulation of right amygdala. Stimulation parameters; 10 
volts, 60 cycles per second, 2.5 milliseconds duration. 1, right temporal cortex; 2 through 6, left amygdala; 
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point stimulated or spread along neuronal 
pathways.® 


OBSERVATIONS 


Repetitive electrical stimulation of the sec- 
ond temporal gyrus or the amygdaloid com- 
plex was frequently followed by an afterdis- 
charge. There were four patterns of spread of 
this afterdischarge observed in the electro- 
graphic recordings. These patterns were not 
mutually exclusive and combinations of them 
occurred frequently. 

1. The afterdischarge was recorded from a 
part or parts of the amygdaloid complex stim- 
ulated and from the homolateral parietal cor- 
tex high on the convexity and close to the mid- 
line. The afterdischarge from the parietal cor- 
tex was often of the same wave form and fre- 
quency as that being recorded from the amyg- 
daloi-- complex (figure 1A). 

2. The afterdischarge was recorded only 
from a part or parts of the amygdaloid com- 
plex which had been stimulated (compare with 
paragraph 3 below). On occasion, low voltage 
spikes were recorded from the cortex of the 
second temporal convolution of the same side 
(figure 1B). 


3. The afterdischarge was recorded only 
from the amygdaloid complex contralateral to 
the side stimulated (compare with paragraph 
2 above). When this occurred, the afterdis- 
charge did not necessarily involve the entire 
amygdaloid complex, but perhaps only parts 
of it, with electrodes separated by 1 mm. re- 
cording quite different rhythms (figure 1C). 

4. The afterdischarge was recorded from 
both amygdaloid complexes, the cortex of the 
second temporal convolution on both sides, 
and the anterior commissure. The frequency 
and wave form of the afterdischarge recorded 
simultaneously from these structures was not 
necessarily the same (figure 2A). 

Movements of the face and jaws of the mon- 
keys occurred during stimulation of the amyg- 
daloid nucleus.! These movements consisted 
of an eversion of the lip ipsilateral to the side 
stimulated, quickly followed by wrinkling of 
the nasolabial fold and closing of the ipsilateral 
eye. These movements always began on the 
same side as the stimulation. As the stimula- 
tion continued, they appeared on the side con- 
tralateral to stimulation. When the movements 
became bilateral, an afterdischarge was re- 
corded from the anterior commissure and from 
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Fic. 2. A. Afterdischarge recorded following stimulation of right amygdala. Stimulation parameters; 10 volts, 
60 cycles per second, 2.5 milliseconds duration. 8, right temporal cortex; 1, right parietal cortex; 2, left tem- 
poral cortex; 3, right amygdala; 4 and 5, left amygdala (medial); 6, left amygdala (lateral); 7, anterior com- 
missure. B, Afterdischarge recorded following stimulation of the right amygdaloid nucleus with the anterior 
commissure coagulated. Stimulation parameters; 10 volts, 60 cycles per second, 2.5 milliseconds duration. 
1, right parietal; 9, left occipital; 2, left temporal cortex; 3, right amygdala; 4 and 5, left amygdala (medial); 
6, left amygdala (lateral); 7, anterior commissure. 
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Fic. 3. Microphotograph cross section through right 
amygdala and anterior commissure. Dark spots indi- 
cate areas of coagulation. 


the amygdaloid complex contralateral to the 
one stimulated (see paragraph 4 above). 

Once an afterdischarge was recorded from 
both amygdalas and the anterior commissure 
in an animal, it was possible to obtain it re- 
peatedly with subsequent stimulation. When 
such was the case (as it was in eight of the 
animals), the anterior commissure was divided 
under direct observation (two animals) or co- 
agulated by applying a direct current to the 
electrodes placed in the anterior commissure 
(six animals). 

When the anterior commissure had been in- 
terrupted (figure 3), it was no longer possible 
to record an afterdischarge from the amyg- 
daloid complex contralateral to the side stim- 
ulated (figure 2B). The movements of the 
face and jaw, which became bilateral follow- 
ing stimulation of one amygdaloid complex, 
were confined to the side stimulated following 
interruption of the anterior commissure. 
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DISCUSSION 

Gloor!® has summarized the evidence re- 
garding the known corticopedal pathways of 
the amygdaloid complex. Such pathways go 
to the homologues of the temporal polar and 
insular cortex. In this investigation an after- 
discharge was recorded from the parietal cor- 
tex of the monkey following repetitive stimu- 
lation of the homolateral amygdaloid complex. 
The latency of this response was not measured, 
but such an afterdischarge may indicate a 
polysynaptic pathway between the amygdaloid 
complex and the homolateral parietal cortex. 

Bucy and Kluver,* Lauer,? and others have 
found that a part of the anterior commissure 
provides an anatomic connection between the 
amygdaloid complexes. It has been demon- 
strated here that a repetitive electrical stimulus 
in one amygdaloid complex can be followed 
by an afterdischarge in the other amygdaloid 
complex and this can be recorded from the 
region of the anterior commissure. When the 
afterdischarge was recorded from the amyg- 
daloid complex, the facial movements which 
had been ipsilateral to the side of stimulation 
became bilateral. After the anterior commis- 
sure was severed, it was no longer possible to 
record the afterdischarge in the amygdaloid 
nucleus contralateral to the one stimulated, 
and the facial movements pursuant to stimula- 
tion of one amygdaloid complex remained ipsi- 
lateral to the side stimulated. 

These experiments have demonstrated that 
epileptiform discharges may arise in the amyg- 
daloid complex of one temporal lobe and 
spread to the amygdaloid area of the other 
temporal lobe by way of the anterior com- 
missure, and that such spread can be prevent- 
ed by interrupting the anterior commissure. 
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Regulation of carbohydrate 


metabolism in spinal cord injuries 


Meyer Brown, M.D., Joseph Bernsohn, Ph.D. and 


John Finkle, M.D. 


For SEVERAL YEARS studies of the defects in 
regulatory meehanisms of autonomic functions 
following injuries to the spinal cord have been 
in progress. From these studies it appears that, 
when the spinal cord is severely injured or 
transected, the same kind of defects in inner- 
vation occur in structures supplied by the auto- 
nomic nervous system as are seen in structures 
supplied by the somatic motor nerves. In both 
instances there is an interruption of supraseg- 
mental control, and at the same time there is 
an increase in reflex activities below the point 
of injury because of a loss of inhibitory im- 
pulses. 

The present study is concerned with the ef- 
fects of spinal cord injury on the regulatory 
mechanism of carbohydrate metabolism. 

In 1858 Claude Bernard! produced a tem- 
porary glycosuria by a puncture wound in the 
floor of the fourth ventricle. Of particular in- 
terest was the fact that this glycosuria did not 
occur if the splanchnic nerves were cut or the 
spinal cord sectioned in the cervical region 
before medullary puncture was performed. 
This suggests that sympathetic fibers mediate 
the observed glycosuria and that stimuli in- 
volved in this effect are carried by nervous 
pathways which descend in the spinal cord. 

Since the time of Bernard, numerous inves- 
tigators have attempted to clarify the relation 
of the central nervous system to the regula- 
tion of carbohydrate metabolism. Chief in- 
terest has been shown in the hypothalamus 
and hypophysis. Cushing? maintained that a 
hormonal control is exerted by a secretion from 
the hypophysis, whereas Aschner* and Karplus 
and Peczenik,* among others, maintained that 
the hypothalamus contains nerve centers which 
regulate carbohydrate metabolism. Numerous 
authors*.5-8 have reported disturbances in car- 


bohydrate metabolism, mainly in the form of 
temporary or permanent glycosuria following 
the production of lesions in the hypothalamus. 
That descending fibers pass from the hypo- 
thalamus to the intermediolateral column of 
the spinal cord has been demonstrated by 
Beattie, Brow, and Long,® who indicated that 
these fibers carry impulses to the preganglionic 
neurons of the sympathetic nervous system and 
could have a regulating effect on carbohydrate 
metabolism. However, the literature is singu- 
larly devoid of studies on the effect of spinal 
cord lesions on sugar metabolism. Brobeck'? 
found that section of the cervical portion of 
the spinal cord in cats produced no change 
from the normal when insulin was injected in- 
travenously. Brouha, Cannon, and Dill"! re- 
ported that sympathectomy in dogs produced 
a temporary high glucose tolerance curve and 
a long enduring insulin sensitivity. 

In the present investigation oral glucose tol- 
erance curves were studied in 39 patients with 
injuries to the cervical portion of the spinal 
cord, 30 patients with injuries to the dorsal 
cord, 17 patients with injuries to the lumbar 
cord or cauda equina, and 17 normal persons 
for control. Glucose, 1 gm. per kg. of body 
weight, was administered orally after a fast- 
ing specimen of venous blood was drawn, and 
specimens were taken 30, 60, 120, and 180 
minutes after ingestion of glucose. All patients 
were well nourished, had been on the same 
normal diet, and had been studied to rule out 
hepatic or renal disease. None was diabetic. 


From the department of neurology and psychiatry, North- 
western University Medical School, Chicago, Illinois, and 
Veterans Administration Hospital, Hines, Illinois. 
Presented before the Chicago Neurological Society, May 
21, 1957. 

The opinions herein expressed are those of the authors and 
not necessarily those of the Veterans Administratior. 
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TABLE 1 
ORAL GLUCOSE TOLERANCE CURVES IN PATIENTS WITH INJURIES TO THE SPINAL 
CORD AND NORMAL PERSONS 


Number of ———Accerage Values of Blood Sugar (mg.%). 
Level of Lesion Cases Fasting 30 min. 60 min. 120 min. 180 min 
Cervical cord 39 86 146 161 139 110 
Dorsal cord 30 87 133 132 106 84 
Lumbar cord 17 80 131 134 100 65 
Normal persons 17 85 135 125 80 70 


The results of this portion of the study are 
shown in table 1. 

From these data it is seen that the glucose 
tolerance curve in patients with injuries to the 
cervical portion of the spinal cord is signifi- 
cantly different from the curves obtained in 
patients with injuries to the dorsal or lumbar 
cord. 

In cervical cases the oral glucose tolerance 
curve reaches a higher value and it is main- 
tained at a high level longer than in the other 
two groups of patients. Thus, at the end of 
two hours when the normal curve shows a 
return of the glucose value to the fasting level, 
it is 65 per cent above the fasting level in cer- 
vical cases and only 21 and 26 per cent above 
the fasting level in the dorsal and lumbar 
cases, respectively. 

It was decided to determine whether the 
high sustained glucose tolerance curve ob- 
tained in patients with injuries to the cervical 
spinal cord is due to a disturbance in the in- 
teraction between the gastrointestinal tract and 
the liver in the regulation of blood glucose 
levels, or to a disturbance in the manner in 
which a sudden increase in the blood sugar 
level is handled by the carbohydrate regulating 
mechanism. The intravenous glucose toler- 
ance curve was studied in 11 patients with 
injuries to the cervical portion of the spinal 
cord and in 12 patients with injuries to the 
spinal cord at or below Dj,, that is, below the 
point of the sympathetic outflow. We injected 
25 gm. of glucose in a 50 per cent solution 
within a space of two minutes, according to 


the technic of Soskin and Levene,!? and the 
glucose concentration in capillary blood was 
measured during the fasting period and then 
15, 30, 60, and 120 minutes after the injection. 
The results of these observations are sum- 
marized in table 2. 

There was no significant difference between 
the cervical cases and the dorsolumbar cases 
in the rapidity with which an excess of glu- 
cose is removed from the blood stream when 
it has been injected intravenously. In fact, 
both groups of patients show a curve that may 
be considered slightly abnormal according to 
the standards of Soskin and Levene,!? who 
stated that in normal individuals the fasting 
level is reached in 60 minutes. 

To determine whether injury to the spinal 
cord interferes with the mode of action of in- 
sulin, an insulin tolerance test was performed 
on 11 patients with injuries to the cervical 
cord and the findings were compared with in- 
sulin tolerance tests in 12 patients with injuries 
to the spinal cord at and below D,,. Insulin 
(0.1 units per kg. of body weight) was inject- 
ed intravenously in our subjects, and glucose 
values were determined in the capillary blood 
during the fasting state, as well as at 15, 30, 
60, and 120 minutes after injection of the insu- 
lin. The results obtained are shown in table 3. 

In both series of patients the blood sugar 
value after injection of insulin decreased to 
approximately the same degree. The maximum 
decrease occurred in both groups of patients 
after 30 minutes, and the return to fasting level 
required the full two hours in both groups. 


TABLE 2 


INTRAVENOUS GLUCOSE TOLERANCE CURVES IN PATIENTS WITH INJURIES 
TO THE SPINAL CORD 


Number of -————————Average Values of Blood Sugar (mg.%). 
Level of Lesion Cases Fasting 15 min. 30 min. 60 min. 120 min. 
Cervical cord ll 91 184 153 113 86 
Dorsolumbar cord— 
D,, and below 12 88 208 169 119 82 
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TABLE 3 

INSULIN TOLERANCE CURVES IN PATIENTS WITH INJURIES TO THE SPINAL CORD 

Number of Average Values Blood Sugar (mg.% 
Level of Lesion Cases Fasting 15 min. 30 min. 60 min. 120 min 
Cervical cord ll 91 70 58 67 80 
Dorsolumbar cord— 

D,, and below 12 93 69 51 71 86 


This represents essentially normal findings in 
both groups of subjects. 

Finally, the effect on the blood glucose val- 
ues of injecting 0.5 cc. of 1:1000 solution of 
adrenalin was studied in the same patients. 
Capillary blood was examined in the fasting 
state and 60 and 120 minutes after intravenous 
injection of adrenalin. Table 4 summarizes the 
results. 

Patients with injury to the cervical cord 
showed much less of an increase in the amount 
of glucose in the blood than did patients with 
injuries to the cord at and below D,, after the 
injection of adrenalin. At the end of one hour 
the dorsolumbar cases showed an average 
blood glucose value of 142 mg. per cent, or 
60 per cent above the fasting level, whereas 
the cervical cases showed an average value of 
122 mg. per cent, or 37 per cent above the 
fasting value. At the end of two hours after 
injection of adrenalin the blood sugar value 
in the dorsolumbar cases was 108 mg. per cent, 
or 21 per cent above the fasting level, and 98 
mg. per cent, or only 10 per cent above the 
fasting level, in the cervical cases. 


DISCUSSION 


There are many factors known to be in- 
volved in regulation of the blood glucose con- 
centration. Among others, these include the 
amount of glycogen in the liver and muscles, 
amount of insulin excreted, amount of glucose 
being absorbed from the intestine into portal 
circulation, the rate of glycogenesis and gly- 
cogenolysis in liver and muscle, functional 
state of the thyroid, adrenal, and hypophyseal 
glands, and finally the functional competence 


of the liver and kidney. Therefore, it is difficult 
to assess the role played by nerve impulses 
passing down from the brain through spinal 
cord and from the neurons in the spinal cord 
via autonomic or somatic pathways. The pres- 
ent study is merely an attempt to compare the 
effects of a lesion in the cervical portion of 
the spinal cord with a lesion in the dorsolum- 
bar area, because in the cervical portion de- 
scending suprasegmental impulses from the 
autonomic centers of the hypothalamus are 
prevented from reaching the points of origin 
of the sympathetic outflow, whereas in the 
dorsolateral area they are not. Exclusion of 
descending impulses at the cervical level pro- 
duces a higher, more sustained oral glucose 
tolerance curve than lesions in the cord below 
the sympathetic outflow. That this is not due 
to a lesion in descending motor pathways is 
indicated by the fact that eight patients with 
hemiplegia due to a cerebral lesion had a 
curve much more like dorsolumbar cases than 
cervical cases. Furthermore, paralysis itself 
does not produce a high curve, since five pa- 
tients with extensive paralytic poliomyelitis 
had low normal curves. Gastric emptying time 
was the same in cervical and lower cord in- 
jury cases; therefore, we do not believe that 
glucose solution is retained in the stomach of 
cervical cases only. 

Intravenous glucose tolerance curves show 
that both cervical and dorsolumbar cases re- 
move excess sugar equally well from systemic 
venous blood. In this test glucose reaches the 
liver by both the hepatic artery and portal 
venous flow, whereas in the oral test sugar is 
brought to the liver only by the portal veins. 


TABLE 4 
EFFECT OF INJECTION OF ADRENALIN ON BLOOD SUGAR 


Number of ——Average Values of Blood Sugar %o)— 
Level of Lesion Cases Fasting 60 min. 120 min. 
Cervical cord 11 89 122 98 
Dorsolumbar cord— 
D,, and below ll 89 142 108 
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An interesting difference between cervical 
and dorsolumbar cases which is difficult to ex- 
plain is the lesser degree of hyperglycemia in- 
duced by adrenalin injection in the former 
group of cases. This suggests that supraseg- 
mental influences play a part in this response. 


CONCLUSIONS 


1. Patients with injuries to the spinal cord 
in the cervical region show a significantly de- 
creased tolerance to glucose in the oral glu- 
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cose tolerance curve when compared to dorsal 
and lumbar cases. 

2. Intravenous glucose tolerance curves and 
response to injected insulin are substantially 
the same in cervical and dorsolumbar spinal 
cord injuries. 

3. Adrenalin injected intravenously _pro- 
duces a significantly greater hyperglycemic 
response in patients with injuries to the dorso- 
lumbar part of the spinal cord than in patients 
with injuries to the cervical spinal cord. 
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@ Intemperance in eating and drinking not only pre-disposes to apoplexy, but when 
excessive sometimes excites it. M. Portal has a chapter entitled, “De l'apoplexie qui 
survient pendant ou peu de tems apres le repas,” in which he adduces several in- 
stances of apoplexy from this cause. M. Portal thinks, that eating much at night is 
particularly prejudicial, for during sleep, he says, the patient is more disposed to the 
disease, on account of the greater determination of blood to the head at that time, 
than during the day. He remarks, that apoplexies were more common at Paris form- 
erly than at present, because formerly it was the fashion to make supper, but now 


dinner, the principal meal. 


John Cooke in A Treatise on Nervous Diseases, 
published in 1824. 
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Platelet agglutinins in the spinal fluid 


in multiple sclerosis 


Kenneth D. Kittleson, M.D. and Howard L. Alt, M.D., Ph.D. 


RECENT work by several investigators has es- 
tablished the occurrence of platelet-agglutinat- 
ing substances in the serum of patients with 
idiopathic thrombocytopenic purpura,’-* as 
well as in patients with other hematologic dis- 
orders'* and in certain apparently healthy 
persons.!-?-47-® Results of complement-fixation 
tests’ and of adsorption studies and chemical 
and electrophoretic fractionation studies* in- 
dicate that these substances are true antibodies 
residing in the gamma globulin fraction of the 
serum proteins. Evidence for the existence 
of naturally occurring platelet groups com- 
parable to the ABO groups of erythrocytes 
has been presented by several groups of in- 
vestigators.*—® 

Persson! has recently demonstrated a plate- 
let-agglutinating substance in the spinal fluid 
of patients with multiple sclerosis in relapse. 
This substance was absent, or was present to 
a lesser degree, in patients in whom the dis- 
ease was in remission. He also found an ele- 
vation of the plasma fibrinogen level during 
periods of relapse. He postulated that these 
two factors were of etiologic significance in 
the disease, because of the formation of plate- 
let thrombi in the small vessels of the central 
nervous system. The present study was under- 
taken to confirm his findings, using established 
technics for the demonstration of platelet ag- 
glutinins. 


CASE MATERIAL 


The subjects under study were patients on 
the neurologic services of the U.S. Veterans 
Administration Hospital, Hines, Illinois, and 
the Montgomery Ward Clinics of Northwestern 
University Medical School, and a group of 
private patients. The experimental group was 
made up of 11 patients with multiple sclerosis 


and one with retrobulbar neuritis, while 14 
patients with various other neurologic disor- 
ders made up the control group. The diag- 
noses and cerebrospinal fluid findings of all 
patients are listed in table 1. 


METHODS 
Materials and Reagents 

1. Silicone (“Dri film, SC-87,” General Electric 
Chemical Division, Pittsfield, Massachusetts ). 

2. Monocote (Armour Laboratories, Kankakee, 
Illinois ). 

3. Parafilm (Marathon Corporation, Menasha, 
Wisconsin ). 

4. Ethylene diamine tetra-acetic acid (EDTA), 
disodium salt (Sequestrene Na:, Geigy Chem- 
ical Co., Yonkers, New York), 0.13 M. solu- 
tion in distilled water. 


5. Sodium acetate, 0.2 per cent solution in 
0.85 per cent sodium chloride. 

6. Glass test tubes, 12x75 mm. and 15x125 mm. 

7. 18-gauge needles. 


8. Large-bore 1 ml. pipettes graduated in hun- 
dredths of a ml. and 5 ml. pipettes gradu- 
ated in tenths of a ml. 


9. Glass microscope slides and coverslips. 


All glassware coming into contact with plate- 
lets was coated with silicone; the needles used 
in drawing blood for preparation of platelet 
suspensions were coated with Monocote. 

Platelet Suspensions and Control Sera. These 
were prepared from normal donors by the 
method of Harrington.2 An 18-gauge coated 
needle with syringe attached was inserted into 
an arm vein. Two or three ml. of blood were 
allowed to flow into the syringe. The syringe 
was then removed and 10 ml. of blood allowed 
to flow directly into a siliconized test tube con- 


From the department of medicine, Northwestern Univer- 
sity Medical School, Chicago, Illinois. 

This investigation has been aided by a grant from the 
Multiple Sclerosis Foundation of America, Chicago, Illinois. 
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taining 0.3 ml. of EDTA solution. The tube 
was capped with Parafilm, inverted two or 
three times, and centrifuged for 20 minutes 
at 750 r.p.m. in an International Centrifuge, 
model U. The supernatant platelet suspension 
was transferred to a clean siliconized test tube 
and the platelet count determined by the meth- 
od of Arensburger.'! The amount of platelet 
suspension used in the test tube agglutination 
tests was determined by the platelet count of 
the suspension, 0.1 ml. being used when the 
platelet count was 200,000 to 400,000 per 
cu. mm. and proportionately smaller amounts 
when the platelet count was higher. Platelet 
counts on the suspensions prepared by the 
above method ranged from 350,000 to 800,000 
per cu.mm. The suspensions were examined 
microscopically before use to insure freedom 
from clumping. 

Blood for control sera was collected asep- 
tically by venipuncture and incubated for 24 
hours at 37° C. The serum was then separated 
from the clot by rapid centrifugation, trans- 
ferred to a chemically clean test tube, and 
heated at 56° C. for 30 minutes in a constant 
temperature water bath; 0.1 ml. of EDTA so- 
lution was added to each 2 ml. of inactivated 
serum. 

Blood for the preparation of platelet suspen- 
sions and control sera was drawn not less than 
three hours after breakfast. On each day that 
the tests were performed the same normal 
donor was used for both platelet suspension 
and control serum. The suspensions and sera 
were used within three hours of their prepa- 
ration. 

Spinal Fluid Specimens. These were collect- 
ed in the usual manner and stored at 5° C. 
until the tests were performed. This was, in 
most cases, within 48 hours of collection, but 
in some cases five to six days elapsed between 
collection of the specimen and performance 
of the tests. The group of five spinal fluids 
tested on June 10, 1957 are an exception and 
are discussed below. An aliquot of each sam- 
ple was treated with 1/20 volume of EDTA 
solution to bind ionic calcium, and agglutina- 
tion tests were performed on both the untreat- 
ed and the EDTA treated fluids. 

Performance of Platelet Agglutinin Tests. 
Agglutination was read in all tests by phase 
microscopy, using a bright contrast objective 


and 240x magnification. Slides and coverslips 
were siliconized. Results were graded as fol- 
lows. 

0 —No agglutination. Platelets evenly 
dispersed. 

*+— Few or many groups of three to 
five platelets. Individual platelets 
readily distinguishable within the 
groups. 

+ — Scattered clumps of 10 to 20 plate- 
lets. Individual platelets usually 
distinguishable within the clumps. 

++++ — Clumps of more than 200 platelets, 
often forming amorphous masses. 

Very few platelets unagglutinated. 

++ or +++ —Gradations between + and +++4, 


Slide Agglutination Tests. These were per- 
formed with untreated and with EDTA-treated 
spinal fluid. A drop of platelet suspension was 
placed on a siliconized slide and covered with 
a siliconized coverslip. A drop of spinal fluid 
was added at the edge of the coverslip and 
drawn under it by means of a piece of filter 
paper applied to the opposite edge. Agglutina- 
tion was read within one minute. Observation 
of many of the tests for longer periods showed 
no appreciable change in agglutination with 
time. A 0.2 per cent solution of sodium acetate 
in 0.85 per cent sodium chloride was used as 
a control in some, but not all, of the tests. 

Test Tube Agglutination Tests. The meth- 
ods used were modifications of those de- 
scribed by Harrington and his co-workers.!* 
In preliminary tests with normal serum and se- 
rum from thrombocytopenic patients, we were 
unable to obtain consistent results with any of 
the methods tested, the chief difficulty being 
the occurrence of false positive tests. It was 
found that these were fewest when the mix- 
tures of serum and platelet suspension were 
incubated for one to two hours at room tem- 
perature. They occurred more frequently when 
the test mixtures were incubated for two hours 
at 37°C. and invariably occurred when the 
mixtures were incubated overnight at 5°C. 
Since, for reasons to be discussed below, it 
was suspected that EDTA-treated fluids would 
be less likely to cause agglutination, the more 
sensitive methods were used in testing these 
fluids, while the method giving the fewest false 
positive tests, that is, incubation at room tem- 
perature, was applied to the untreated spinal 
fluid. 
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TABLE 1 
RESULTS OF PLATELET AGGLUTINATION TESTS ON SPINAL FLUID 
Untreated EDTA-treated 
Spinal Fluid Spinal Fluid 
Test tube Test tube 
90 min. 2 Ar. | Overnight 
| Rm. temp. 5° C. 
Ss 
= = Spinal Fluid 
3/ 5/57 J.R. Undiag d aut ic ner- TP? 0 +++ + +++ 
vous system disorder } | Normal 
3/5/57 W.B. Idiopathic epilepsy ++ | 0 |+++ + | +++ Normal 
42/57 E.H. Syncope, cause undetermined Oo | 0 0 oO | +++ Normal 
4/2/57 C.M. Temporal arteritis + | 0 0 Oo | +++ Normal 
4/12/57 J.C. Basilar artery insufficiency ++ ++ | 0 0 ss 0 oe Normal 
due to arteriosclerosis | 
412/57 H.J. Olivopontocerebellar atrophy ++ |++++] + 0 ++ Normal 
412/57 N.G. Idiopathic epilepsy ++ +44) 0 0 + 0 a C.G. 5443211100 
5/ 3/57 JS. Idiopathic epilepsy ++ + 0 0 ++ Normal 
513/57 A.M. Amyotrophic lateral sclerosis oad + (o}0 0 + |O| + ++ [+ 
513/57 A.D. Idiopathic epilepsy ++ + 0 + + ++ | Normal 
610/57 W.S. Cerebral arteriosclerosis 0 + 00 + + 10] 0 0 0 || Normal 
with left hemiplegia | 
610/57 L.R. Epilepsy, post-traumatic 0 + |o}0 + + |0; 0 0 0 || Normal 
6/25/57 E.H. gravis + 0}0 + + + ++ | + || Normal 
6/25/57 A.M. C.N.S. lues + +++ |0 + 44+] ++ [+ 
322/57 A.M. Multiple sclerosis, chronic +4+4+4+ 0 |4+4++ + |4+4+4+4+ T-.P. 68 Pandy pos. 
} C1G.0232110000 
4/5/57 D.P. Miultiple sclerosis, relapse aaa + | + 0 + ++ | +++ C.G.0122200000 
4/12/57 P.B. Multiple sclerosis ++ | +++ | 0 0 0 ormal 
4/23/57 B.K. Multiple sclerosis, relapse 0 + 0 0 0 Normal 
423/57 B.R. Retrobulbar neuritis + ++ 0 0 0 Normal 
5 3/57 G.G. Multiple sclerosis, relapse ++ | + 0 + | 0 Normal 
5/13/57 E.C. Multiple sclerosis, acute +++! ++ + + ++ | +]] T.P. 65 
| C.G.1111000000 
6/10/57 L.L. Multiple sclerosis, chronic 0 + oO) ++ + |0 0 0 0 orma 
6/10/57 L.Z. Multiple sclerosis, chronic 0 + (00 + + |0; 0 0 0 || Normal 
6/10/57 T.W. Miultiple sclerosis, chronic 0 ++ |O]0) + + |0; 0 0 0 
6/25/57 N.N. Miultiple sclerosis, acute ++ ++ + + ++ | Normal 
6/25/57 J.V. Multiple sclerosis + ++ (/0}0 + + |+] + ++ | + || Cells 55, Pandy pos. 
| 
| C.G.3332110000 


Untreated Spinal Fluid. A 0.1 ml. quantity 
of platelet suspension was placed in a test 
tube, and 0.2 ml. of untreated spinal fluid was 
added. The tube was capped with Parafilm 
and allowed to stand at room temperature. 
At intervals of 5, 45, and 90 minutes after 
addition of the spinal fluid, a small amount of 
the mixture was poured out onto a slide and 
examined for agglutination. 

EDTA-Treated Spinal Fluid. A 0.1 ml. 
quantity of platelet suspension was placed in 
each of two test tubes. To the first was added 
0.2 ml. and to the second, 0.3 ml. of EDTA- 
treated spinal fluid. The first tube was incu- 
bated for two hours at 37° C. and the second, 
overnight at 5° C. A mixture of similar quanti- 
ties of platelet suspension and control serum 
was tested simultaneously with each group of 
spinal fluids. In the later tests, a mixture of 
platelet suspension and saline-acetate solution 
was also used as a control. After incubation 
the tubes were agitated briefly to resuspend 


the platelets and the contents examined mi- 


croscopically. 


RESULTS 


The results of the tests are given in table 1. 
It will be noted that in the test tube agglu- 
tination tests with untreated spinal fluid only 
the 90-minute readings are given. In nearly 
all cases this reading did not differ significantly 
from the five-minute and 45-minute readings. 

Untreated Spinal Fluid. Slide agglutination 
tests on untreated spinal fluid were positive 
in eight of ten patients from the control group 
and in six of 11 patients with multiple scle- 
rosis. Test tube agglutination tests on untreat- 
ed spinal fluid were positive in 11 of 14 con- 
trol patients and in 11 of 12 patients with 
multiple sclerosis. There was little correlation 
between the degree of agglutination observed 
with the two methods. There was no correla- 
tion between degree of agglutination and the 
presence of other spinal fluid abnormalities. 
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It will be noted that all of the slide agglu- 
tination tests dated June 10, 1957 in table 1 
were negative. Because of technical difficulties, 
it was necessary to postpone the performance 
of the slide agglutination tests on this group 
of fluids until June 14, and the fluids were 
stored at —20° C. during the four-day interim. 
Whether the results obtained were due to this 
fact or to other factors is not known. 

EDTA-Treated Spinal Fluid. Slide agglu- 
tination tests were negative in all of ten con- 
trol and 11 multiple sclerosis patients tested. 
In the test tube agglutination tests, of 12 mul- 
tiple sclerosis patients tested, five were posi- 
tive by one of the two methods and one by 
both methods. In the control group of 14 pa- 
tients tested, four were positive by one of the 
two methods and two by both methods. If one 
eliminates the spinal fluids tested on June 10, 
1957 and if one considers as negative those 
tests in which there was an equal degree of 
agglutination in the saline controls, then three 
of 12 control patients and three of nine mul- 
tiple sclerosis patients gave positive tests by at 
least one method, using EDTA-treated spinal 
fluid. Again, no correlation was noted between 
the results of the agglutination tests and the 
occurrence of other abnormalities in the spinal 


fluid. 


COMMENT 


It is impossible to draw definitive conclu- 
sions from the results of this study, because 
we were unable to obtain consistently negative 
results on normal serum with any of the 
methods tested, although these methods have 
proved reliable in other hands. Among the 
factors other than antibodies which may cause 
agglutination of platelet suspensions are dust, 
imperfectly cleaned and siliconized glassware,” 
bacterial contamination, hemolysis, or lipemia 
in the test serum,? and activation of the co- 
agulation system, as for example, by recalcifi- 
cation.!* 

At the outset of this study, it was suggested 
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to us that the agglutination observed by Pers- 
son might be due to recalcification of the plate- 
let suspension by the calcium in the spinal 
fluid. In testing the EDTA-treated spinal fluid 
samples, therefore, the methods which gave 
the largest percentage of false positive tests 
were used, as it was felt that they would offer 
a more rigorous test of the absence of agglu- 
tinins. The fact that the majority of the EDTA- 
treated specimens did not cause agglutination 
with these methods suggests that the agglu- 
tination seen with untreated spinal fluid may 
have been due, at least in part, to recalcifica- 
tion rather than to the presence of true agglu- 
tinins. 


SUMMARY 


Spinal fluid specimens from 12 patients 
with multiple sclerosis and 14 patients with 
other neurologic disorders were tested for the 
presence of platelet agglutinins before and 
after the addition of ethylene diamine tetra- 
acetic acid. 

Platelet agglutination tests were positive in 
11 of 12 patients with multiple sclerosis and 
12 of 14 patients with other neurologic dis- 
orders before the addition of ethylene diamine 
tetra-acetic acid. 

Platelet agglutination tests were positive in 
six of 12 patients with multiple sclerosis and 
in six of 14 patients with other neurologic dis- 
orders after the addition of ethylene diamine 
tetra-acetic acid. 

There was no correlation between the degree 
of platelet agglutination and the presence of 
multiple sclerosis or of other abnormalities in 
the spinal fluid. 

The difficulty in duplicating in our labora- 
tory the reported success of the methods used 
emphasizes the need for considerable experi- 
ence with the technics and meticulous atten- 
tion to detail, if consistent results are to be 
obtained in a study of this type. 
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@ Apoplectic persons, say Galen, suddenly become senseless, and lose all motion 
except that of respiration. When, from an affection of the common origin of the 
nerves, says Paulus A&gineta, all parts of the body have lost together sense and mo- 
tion, the affection is called apoplexy; in which disease persons lie without voice, with- 
out motion, without sense, and without fever. A®tius, and others, give similar ac- 
counts. Alexander Trallianus does not treat expressly of apoplexy, but in his chapter 
on epilepsy, he mentions many of its characteristic symptoms. He speaks of a dis- 
ease in the head, in the origin of sensation and motion, in the paroxysm of which, 
persons can neither hear nor see, nor at all understand or remember any thing, 


being not unlike to dead persons. 


John Cooke in A Treatise on Nervous Diseases, 
published in 1824. 
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Is needle puncture of the brain 


entirely harmless? 


Anatole S. Dekaban, M.D. 


WITH THE INCREASED scope of brain surgery 
and ever increasing popularity in exploring 
subcortical structures by numerous depth elec- 
trodes, the inherent danger of producing un- 
intended damage, no matter how slight, is 
overlooked at times. The following two case 
reports demonstrate late sequelae of brain 


needling. 


Case 1. In the fourth month of life the pa- 
tient’s head was found larger than expected for 
his age. His development ame noticeably re- 
tarded and at seven months he was hospitalized 
for investigation. was performed 
through the lateral angles of the anterior fontanel. 
The ventricular system was symmetric and within 
normal range. In consequence of this the patient 
was discharged home with recommendation of fre- 
quent follow-up examinations. Upon the request 
of the family physician he was admitted to our 
hospital at the age of 14 months. In brief, the 
main features of examination at this time consist- 
ed of an enlarged head, mental retardation, and 
bilateral spastic weakness more pronounced on the 
right side. Pneumoencephalogram by lumbar route 


Fic. 1. Pneumoencephalogram, anteroposterior projec- 
tion. The ventricular system is slightly dilated. There 
are two porencephalic cavities which developed from 
needle tracts extending from the surface of the cor- 
tex to the lateral ventricles. 


Fic. 2. Pneumoencephalogram, right lateral projec- 
tion. The left porencephalic cavity extends from the 
lateral ventricle to the surface of the brain at the 
anterior fontanel. 
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disclosed two large post-needle puncture tracts ex- 
tending from the cortex underlying the anterior 
fontanel and coronal suture to each lateral ven- 
tricle (figures 1 and 2). The needle tract on the 
left side was larger and more prominent. Subse- 
quently the patient was operated upon and a thin 
bilateral subdural hematoma removed. 


Case 2. The brain of this patient and brief clin- 
ical data were extended to us from another city 
for examination. Apparently he was in a normal 
state of health until ten years of age when pro- 
gressive dysequilibrium was noticed. The occur- 
rence of epileptic attacks prompted hospitalization. 
After preliminary investigations ventriculography 
was performed. The patient died a few weeks later 
with signs of pulmonary infection. Postmortem ex- 
amination of the brain revealed a moderate degree 
of symmetric swelling of both hemispheres and a 
residual pee hemorrhage at the site of 
the brain punctures on the posterior aspects of 
both parietal lobes. Inspection of the coronal sec- 
tions disclosed the presence of multiple, rounded 
needle tract holes in both hemispheres (figures 3 
and 4). The tract holes were more numerous on 
the right side and a few extended into the frontal 
lobe beyond the anterior commissure. Most of 
them were confined to the white matter, but two 
traversed the basal ganglia and one went through 
the internal capsule. Histologic examination of the 
brain in the vicinity of the needle tracts showed 
a wide ring of tissue necrosis with numerous com- 
pound granular corpuscles (figure 5 and 6) and, 
adjacent to this, an area of thinning of neural 
parenchyma with associated gliosis (figure 7). 


In this brief note it is not intended to ques- 
tion the need and importance of diagnostic 
ventricular or brain puncture whenever it is 
indicated. It is believed, however, that the 
number of recording electrodes introduced 
into one brain or even into a single structure 
could be significantly reduced. 


From the National Institute of N logical Diseases and 
Blindness, National Institutes of Health, Public Health 
Service, Department of Health, Education and Welfare, 
Bethesda, Maryland. 
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Fic. 3. Left: coronal section of the 
brain at the level of the anterior com- 
missure. There are a few needle tracts 
in the white matter of the frontal lobes. 
Right: numerous needle tracts are seen 
in the brain section passing through the 
splenium of the corpus callosum. 


Fic. 4. A section stained for myelin 
from the brain portion shown in figure 
3. Thinning of myelin in the vicinity of 
the needle tracts is evident. 


Fic. 5. Three needle tracts in a section 
stained for myelin under higher mag- 
nification. The central area of necrosis 


AS and tissue rarefaction is surrounded by 

Fic. 6. Surrounding the needle tract is a wide zone taini d lar corpuscles. Gomori trichome stain. 


Fic. 7. Distal to the zone of pound gi lar corpuscles, an area of pronounced gliosis is evident. Cajal gold 
chloride stain. 


@ Mr. William Adams, who has had ample opportunities of becoming practically 
acquainted with the history of infantile paralysis, and whose account of this dis- 
order is more to the point than any other with which I am acquainted, indicates these 
as the most trustworthy characteristics: 1. The paralysis is usually partial, single 
muscles or groups of muscles only being affected. 2. The sensation in the paralyzed 
parts is usually perfect, or all but perfect. 3. The bladder and lower bowel are 
usually not distinctly implicated in the paralysis. 4. The paralyzed muscles are at 
no time rigid. 5. Great improvement or complete recovery is the rule, and not the 
exception. The paralysis is usually neither accompanied nor preceded by “head 
symptoms.” 


C. B. Radcliffe in On Diseases of the Spine 
and of the Nerves, published in 1871. 
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Cerebral hemodynamics and 


metabolism in mental deficiency 


Joseph F. Fazekas, M.D., Wilfred R. Ehrmantraut, M.D., 
James G. Shea, M.D. and Jack Kleh, M.D. 


DisTuRBANCES in the function of the central 
nervous system may or may not be associated 
with alterations in total cerebral blood flow or 
oxygen consumption. Even those conditions 
which can be attributed to disorders of cere- 
bral circulation or metabolism may not neces- 
sarily be attended by demonstrable character- 
istic changes in these values. Moreover, there 
is a iarge group of so-called “functional” brain 
disturbances in which there is at present no 
evidence of either cerebral circulatory or meta- 
bolic dysfunction. The present study was in- 
stituted to determine whether there was any 
obvious defect in cerebral hemodynamics or 
oxygen utilization in subjects classified as mon- 
goloid and in a second group of subjects with 
nonspecific mental deficiency. 


METHOD 


The mentally deficient subjects were those 
receiving domiciliary care at the District Train- 
ing School at Laurel, Maryland. Except for 
their mental retardation, there were no compli- 
cating diseases. The nonspecific mental de- 
fectives had an I.Q. range of 51 to 71 and an 
age range of 15 to 19 years. The control sub- 
jects with normal I.Q.’s ranged in age from 12 
to 18 years. The mongoloid subjects, all of 
whom had the characteristic stigmata, ranged 
in 1.Q. from 20 to 37 and in age from 20 to 
51 years. The normal controls for this group 
were from 20 to 50 years of age. 

Scheinberg and Stead’s modification! of the 
Kety and Schmidt procedure? for the determi- 
nation of total cerebral blood flow and oxygen 
consumption was applied in this study. Blood 
oxygen was determined by the manometric 
technic of Van Slyke and Neill,? and mean 
arterial blood pressure was obtained directly 
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from the femoral artery by means of a damped 
aneroid manometer. 


RESULTS 


Table 1 demonstrates the findings in the 
group classified as mentally deficient, while 
table 2 presents the findings in a group of 
mentally normal subjects of approximately the 
same age range. There were no statistically 
significant differences in cerebral blood flow, 
cerebral oxygen consumption, or cerebral vas- 
cular resistance in the two groups. Further- 
more, the cerebral arteriovenous oxygen dif- 
ference and mean arterial pressure were essen- 
tially the same for the two groups of subjects. 
It should be pointed out, however, that the 
values for total cerebral oxygen consumption 
and cerebral blood flow for both of these 
groups of subjects were distinctly higher than 
those noted in older individuals. As would be 
expected in view of previous observations, 
these values tend to decrease with advancing 
age.5 

Tables 3 and 4 compare cerebral values ob- 
tained in mongoloids and mentally normal sub- 
jects of the same age range. Here again, there 
were no significant differences noted in any of 
the findings between the two groups of sub- 
jects. 

DISCUSSION 

The present data demonstrate that defi- 

ciencies in intellectual capacity may not neces- 


sarily be associated with alterations of either 
cerebral blood flow or cerebral oxygen con- 


From the District of Columbia General Hospital and the 
Children’s Center, Washington, D.C. 

This investigation was supported in part by a research 
grant (PHS B-178) from the National Institute of Neu- 
rological Diseases and Blindness of the National Institutes 
of Health, Public Health Service, Bethesda, Maryland. 
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CEREBRAL METABOLISM 


TABLE 1 


CEREBRAL VALUES IN MENTALLY DEFICIENT SUBJECTS 


Subject Age 1.0. CBF CMRO, CVR AVO, MAP 
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TABLE 2 


CEREBRAL VALUES IN NORMAL SUBJECTS OF SAME AGE 
RANGE AS THE MENTALLY DEFICIENT SUBJECTS 


19 52 79.0 4.1 1.2 5.14 94 
15 62 66.1 4.2 1.2 6.34 77 
15 65 53.7 3.4 1.7 6.23 90 
17 60 74.2 3.8 1.1 5.06 82 
15 67 60.1 2.5 15 4.14 92 
17 71 63.3 4.4 1.6 7.02 103 
17 60 65.5 2.8 1.3 4.20 7 


Mean Values 


Nour 


16 62 66.0 3.6 14 5.45 89 


In this and other tables, CBF indicates cerebral blood flow 
in cc./minute/100 gm. of brain; CMROz, cerebral oxygen 
consumption in ce./minute/100 gm. of brain; CVR, cere- 
bral vascular resistance in millimeters of Hg/cc. of blood/ 
minute /100 gm. of brain; AVO», arteriovenous oxygen dif- 
ference in vol. per cent; and MAP, mean arterial blood 
pressure in mm. of Hg. 


sumption. Along these lines, it may. be inter- 
esting to point out that there are a number of 
central nervous system disturbances in which 
changes in cerebral oxygen consumption have 
not been detected. Kety and co-workers* were 
unable to demonstrate significant alterations in 
cerebral blood flow or cerebral oxygen con- 
sumption between normal subjects and _pa- 
tients with schizophrenia. Similarly, they were 
unable to demonstrate significant reduction of 
cerebral blood flow and cerebral oxygen con- 
sumption with light barbiturate hypnosis or 
sleep. We have also demonstrated lack of 
change in these values in normal individuals 
in whom sleep was induced by chlorproma- 
zine or promazine.":5 Previous studies in which 
alterations in the state of consciousness were 
induced by acute reduction of the mean ar- 
terial pressure showed changes in the cerebral 
blood flow but no significant changes in the 
cerebral oxygen consumption.® In these cases, 
alteration in the electroencephalogram ap- 
TABLE 3 


CEREBRAL VALUES OF MONGOLOID SUBJECTS 


Subject Age 1.0. CBF CMRO, CVR AVO, MAP 
1 32 26 70.8 3.0 1.3 4.27 94 


2 26 35 63.3 3.3 1.8 5.18 lll 
3 28 30 53.4 3.1 2.7 5.83 142 
q 51 23 63.9 4.3 1.6 6.75 102 
5 20 22 45.2 3.6 2.2 7.85 98 
6 32 20 57.9 3.2 18 5.49 104 
7 26 33 73.8 3.2 1.4 4.35 107 
8 49 37 63.0 3.2 15 5.00 92 


Subj Age CBF CMRO, CVR AVO, MAP 


1 18 50.2 3.9 1.6 7.81 81 
2 14 45.2 3.1 14 6.72 64 
3 15 56.6 4.1 17 7.17 96 
a 14 66.2 5.7 1.3 8.57 88 
5 18 64.0 3.6 14 5.60 87 
6 15 77.1 5.0 1.3 6.53 100 
7 18 73.8 4.2 1.2 5.63 88 
8 18 57.0 3.4 1.6 6.04 90 
9 14 70.1 3.9 1.0 5.54 70 
10 17 73.4 3.3 1.4 4.52 99 
ll 18 95.2 3.8 0.9 3.95 89 
12 18 89.2 3.8 11 4.22 98 
Mean Values 
16 68.2 4.0 1.3 6.02 88 


peared only when consciousness was actually 
lost.1° 

All of these findings would seem to indicate 
that the above activities of the central nervous 
system apparently require a portion of the 
total cerebral metabolic requirement so small 
as to be undetectable by currently available 
methods of measurement. It is our impression 
that the over-all rate of cerebral oxygen con- 
sumption is, for practical purposes, primarily 
a measurement of the vegetative activity of 
the brain, that is, those processes which main- 
tain its cellular integrity. 

In all the foregoing studies, except perhaps 
for the schizophrenic patients, the induced cen- 
tral nervous system disturbances were acute, 


TABLE 4 


CEREBRAL VALUES OF NORMAL SUBJECTS OF SAME AGE 
RANGE AS THE MONGOLOID SUBJECTS 


Subject Age CBF CMRO, CVR_ AVO, MAP 


1 45 50.0 3.6 2.0 7.25 102 
2 21 43.1 3.0 1.8 6.94 77 
3 23 77.3 3.2 1.0 4.11 76 
4 49 56.2 3.5 1.9 6.22 104 
5 45 50.3 3.7 2.2 7.26 113 
6 23 78.1 3.5 11 4.53 83 
7 45 53.9 3.8 1.8 7.01 97 
8 30 53.3 3.3 1.8 6.12 98 
9 38 71.6 3.3 1.1 4.57 77 
10 26 46.6 4.3 1.5 9.21 72 
ll 20 71.2 3.1 1.2 4.41 83 


12 44 48.1 3.1 2.9 6.53 140 
13 27 60.1 3.7 1.8 6.15 107 
14 22 71.8 3.9 1.5 5.47 109 


Mean Values 


Mean Values 


33 28 61.4 3.4 1.8 5.59 106 


33 59.4 3.5 1.7 6.13 96 
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and it could be argued that a metabolic ad- 
justment might occur in prolonged diminu- 
tion of these cerebral functions. Such was not 
found to be the case in the present investiga- 
tion, and the clinically apparent disturbances 
of chronic mental deficiency cannot be ascribed 
to changes in over-all cerebral blood flow or 
oxygen consumption. It would seem from 
these studies that substrate oxidation in these 
mental deficiencies is unaffected. It would 
appear more probable that, if a biochemical 
lesion exists, disturbances in energy utilization 
or neuronal transmission are more likely re- 
sponsible etiologically. It is remotely possible, 
however, that small brain areas responsible for 
intellectual integration may be affected by seri- 
ously reduced cerebral blood flow or oxygen 
consumption rates without these changes be- 
ing detectable by the over-all methods of 


measurement presently available. 
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SUMMARY AND CONCLUSIONS 


Total cerebral blood flow and oxygen con- 
sumption were determined in seven mentally 
deficient subjects and in eight mongoloids and 
compared with values in mentally normal in- 
dividuals of approximately the same age range. 
No significant differences were observed. It 
would appear that chronic impairment of in- 
tellectual function of the types studied is not 
associated with diminution of cerebral sub- 
strate oxidation or circulation. This finding 
gives additional support to the previously 
stated thesis that the energy requirements of 
the brain for intellectual activity are too small 
to be measured by currently available technics 
but does not exclude the possibility of a basic 
biochemical lesion. 
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@ Among the dangerous signs in apoplexy, many authors mention a dilated state of 
the pupil of the eye; but the contracted pupil, which I consider to be a still more 
dangerous appearance, has been scarcely noticed. I am of opinion that this ought 
to be reckoned among the very worst symptoms of the disease. I never knew a per- 
son recover from apoplexy when the pupil was greatly contracted. My opinion on 
this subject is confirmed by that of Sir Gilbert Blane and Dr. Temple. 


John Cooke in A Treatise on Nervous Diseases, 
published in 1824. 


Ti 
tic 
ca 
su 
in 
as 
T 
tic 
us 
Tl 
ty 
ar 
sil 
E) 
ey 
et 
SU 
st 
el 
7 ti 
g 
te 
ay 
te 
ty 
th 
F 
g 
n 
r 


OO Tt 


c 


Somatic and visceral responses from 


the cingulate gyrus 


Mary Jane C. Showers, Ph.D. and 
Elizabeth C. Crosby, Ph.D., D.Sc. 


THE Gyrus CINGULI (figure 1) is the convolu- 
tion located between the sulcus of the corpus 
callosum and the sulcus cinguli. The rostral 
subcallosal gyrus and the caudal isthmus are 
included in the present discussion. The region 
as a whole has been variously subdivided. 
The Walker-Brodmann numbers for the cor- 
tical areas for the macaque monkey have been 
used.! Areas 24 and 25 are the anterior cin- 
gulate and subcallosal gyri. Areas 23 and 29 
are the posterior cingulate and isthmus regions. 
The anterior portion possesses the agranular 
type of cortex similar to that of motor area 4, 
and the posterior portion is granular cortex 
similar to that of sensory areas 1, 2, and 3.? 


EXPERIMENTAL METHODS AND RESULTS 


The Macaca mulatta monkeys used in this 
experimentation were lightly anesthetized with 
ether. A monopolar electrode of silver wire in- 
sulated with polyethylene tubing was used to 
stimulate the cingulate gyrus. An indifferent 
electrode had been placed in the rectum. 
Square wave pulses with 40 cycles per sec- 
ond, 1 millisecond delay, 1 millisecond dura- 
tion, and in strengths of 4 volts to 10 volts 
constituted the stimulus. The stimulus was ap- 
plied to cortical areas adjacent to the cingulate 
gyrus in order to outline the responses ob- 
tained from this region and to check them 
against those of other cortical areas. The pro- 
cedure was carried out under surgical aseptic 
technic, and the animals were observed from 
two weeks to two months thereafter. 

The following account is a compilation of 
the results obtained on stimulation and de- 
struction of various portions of the cingulate 
gyrus in 15 animals. The head, the neck, and 
the facial movements that possessed overtones 
of arousal and attack were present wherever 
the cingulate gyrus was stimulated. These 
movements included a grimace with the lips 
retracted and the teeth bared, the head and 


the neck thrust forward, the ears protracted 
backward, and the eyes usually opened (fig- 
ure 2 A, B, C, and E). The mouth and the 
jaws tended to close when stimulation was ap- 
plied to the rostral part of area 24, and they 
opened as the stimulation contacted the re- 
gion immediately caudal to this same area. 
If the stimulation was applied to the caudal 
portion of area 23, the mouth and the jaws 
opened; they closed as the stimulus was ap- 
plied to the region immediately rostral to this 
same area. When the electrode was applied 
at, or above, the genu of the corpus callosum, 
the head turned upward and backward. The 
movements of the eyes followed those of the 
head. When the cingulate gyrus was stimu- 
lated at or below the genu of the corpus cal- 
losum, the head and the eyes were directed 
downward and forward. There was a sugges- 
tion that this sequence of movement was also 
reversed in the posterior cingulate region. 
Stimulation of the superior portion of the 
gyrus produced bilateral head, neck, and face 
movements (figure 2C and E). Stimulation 
of the inferior portion of the gyrus tended to 
produce homolateral movements of these parts 
(figure 2A and B). These movements are 
summarized in figure 3 A and B. 

There is a dual pattern on the major regions 
of the cingulate gyrus (figure 3A and B). 
The stimulation which proceeded from rostral 
to caudal on area 24 first elicited movements 
of the head, the neck, and the face alone. 
Then tonic flexion and internal rotation of the 
upper extremity at the shoulder, the elbow, 
the wrist, and the hand were added. Next, 
alternate contraction and relaxation of the 


From the central nervous system research unit, University 
of Michigan School of Medicine, Ann Arbor, Michigan. 
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Sulcus of the corpus callosum 


Fic. 1. Medial view of the left hemisphere of the 
brain of a macaque monkey. 


trunk, including the abdominal musculature, 
were observed. Finally, contralateral lower 
extremity movements (figure 2D) occurred 
which were similar to those of the upper ex- 
tremity, and tail movements upward and 
downward were included in this pattern of 


somatic response. This sequence was reversed 
in the rostral to caudal stimulation of the pos- 
terior cingulate area 23 (figure 3A and B). 
Thus, the pattern continued from the contra- 
lateral lower extremity and the tail to ab- 
dominal and thoracic movements, and then to 
contralateral upper extremity, face, head, and 
neck movements. On excitation, the superior 
portion of the cingulate produced _ bilateral 
upper or lower extremity movements. Stimu- 
lation of the inferior portion of the gyrus re- 
sulted in contralateral upper or lower extrem- 
ity movements. This distinction was not so 
pronounced as for head, neck, and face move- 
ments. With a stimulus, the strength of which 
ranged between 7 and 10 volts, the various 
somatic movements occurred simultaneously 
as a convulsion. 

Stimulation of the subcallosal gyrus gave 
rise to a series of autonomic phenomena, in 
addition to facial, head, and neck movements. 


TABLE 1 


Anterior Cingulat 


Type of Response 1 2 3 4 5 


Posterior Cingulate———____ 
6 7 8 9 10 11 12 13 


Sialorrhea 

Cardiac irregularity 
Respiratory irregularity + + 
Vocalization + 

Apnea 

Pupillary dilation + 

Eyes up + 
Eyes down + 
Nystagmus 

Shivering 


wt 
t 


Facial grimace 
Eyes shut + + 

Mouth open 

Mouth shut + 
Head down, forward + 

Head up, backward + 

Neck thrust a 

Ears back + 


\ 


Upper extremity 
Trunk motion 
Abdominal motion 


Cc 
Lower extremity B 
Tail motion 


+++ 
t 


+ + 
t+ + 
t++4++4++ 
4+ 
++ 


+ 


Fic. 2. A shows the face and left upper extremity of animal C-S No. 5 before stimulation of the right cingu- 
late gyrus. B shows the movement of the face homolaterally and the upper extremity contralaterally during 
the stimulation of the cingulate gyrus. C, the head, neck, and eyes are directed downward and forward, and 
lips retracted during the stimulation of the left cingulate gyrus in animal C-S No. 3. D illustrates movement 
of the contralateral lower extremity during the stimulation of the left cingulate gyrus in animal C-S No. 8. 
E, in animal C-S No. 6 the right pupil is dilated, head thrust forward and mouth retracted bilaterally during 
sitmulation of ‘the left cingulate gyrus. F, piloerection and aggressive attitude of animal C-S No. 5 are 
shown two days after destruction of the right cingulate gyrus. Enlargements made from 16 mm. movie film. 
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Fic. 2. Legend on opposite page. 
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Cardiac and respiratory irregularity occurred. rack, abdomen oper 


The heart beat became alternately very rapid 
and weak (120 to 160 times per minute) or 
very slow and strong (40 to 50 times per 
minute). The respiratory cycle varied from 
rapid and shallow to slow and deep (100 to 
20 times per minute). These changes com- 
pare with a strong, regular, average pulse of 
88 beats per minute and average respirations 
of 36 per minute in the normal animal. As 
the respiratory cycle became slower, respira- 
tions were more labored. Vocalization occurred 
with forced expiration. It was possible to 
arrest the respiration completely for about 30 
seconds. An increase in salivation and a dilata- 
tion of the pupil of the contralateral eye (fig- 
ure 2E) were evident on stimulation of the 
subcallosal gyrus. There is some suggestion 
that similar changes transpired on stimulation 
of the posterior cingulate region near the isth- 
mus. 

Following the destruction of a part of the 
cingulate gyrus, the head, the neck, the eyes, 
and the tongue were deviated toward the side 
of the lesion. A marked drop in body tempera- 
ture occurred in these animals ranging from 
3.2° F. up to 8.4° F. (1.8° C, to 4.7° C.). The 
average drop in eight animals was 5.5° F. (3° 
C.). The most profound diminution in tem- 
perature followed destruction of the caudal 
portion of the posterior cingulate region. The 
next greatest change occurred with the abla- 
tion of the rostral portion of the anterior cin- 
gulate region. Body heat was regained slowly 
following intense shivering which lasted 40 to 
60 minutes. Piloerection (figure 2 F) was evi- 
dent over most of the body, but was most ap- 
parent over the face, the neck, the trunk, and 
the upper extremities. The pupil of the eye 
contralateral to the lesion was markedly di- 
lated and remained so from a few hours up 
to seven days. 

In the two to three weeks following the de- 
struction of the cingulate gyrus, it was pos- 
sible to observe sustained piloerection. The 
animals tended to be alternately sleepy and 
hyperkinetic for about four days. The body 
was crouched, with the head dropped down- 
ward when the animal dozed. In action, these 
animals climbed, circled, paced, and groomed 
more than others in the colony. Gyrations of 
the head and the neck and rubbing of the 
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Fic. 3. A is a diagram of the right hemisphere of the 
brain of a macaque monkey showing the points on the 
cingulate gyrus from which somatomotor activity was 
elicited by stimulation. B is a similar diagram sum- 
marizing the somatic and visceral responses obtained 
by stimulation of the cingulate gyrus. See table 1 for 
details. 


face were common. All of these monkeys were 
more vocal and noisier than others in the col- 
ony. They were also more aggressive and less 
fearful than prior to the experiment, but there 
was less evidence of dominance-submission 
roles among the cage mates. There was an 
increase in sudomotor activity as compared to 
the preoperative state. The relative amount of 
perspiration was tested by application of quin- 
izerine powder to palmar and plantar surfaces 
of the hands and the feet after initial cleansing 
and drying. During the height of the hyper- 
kinesia, when the anmal was active and vocal, 
the skin of the face became bluish-red due to 
vasodilation. 


CORRELATION WITH LITERATURE 


The changes in respiration and vocalization 
which occurred upon stimulation of the an- 
terior cingulate region have been demonstrated 
by Ward,®.* Dunsmore and Lennox,’ 
Kaada,® and Sloan and Kaada.® Piloerection 
and pupillary dilatation were observed by 
Smith,** Ward,5:® and Kaada.8 Most of these 
workers emphasized that stimulation of the 
anterior cingulate area arrested somatic move- 
ments and produced a relaxation in muscular 
tone. However, Dunsmore and Lennox? men- 
tioned atypical motor movements carried on 
to the point of an epileptic seizure. Kaada* 
was able to elicit tonic movements of the ex- 
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tremities and jerky movements of the eyelids, 
the face, the neck, and the shoulders when the 
strength of the stimulus was increased. Two 
groups of investigators*-1°.11 found that gastric 
motility was depressed by anterior cingulate 
stimulation. 

Only Mirsky, Rosvald, and Pribram!? found 
an initial increase in aggressiveness following 
bilateral anterior cingulectomy. Two experi- 
menters*:13 observed passiveness and a loss of 
fear. Pribram and Fulton,!* Mirsky, Rosvald, 
and Pribram,!* and Andy and McChinn’ em- 
phasized that prolonged alterations in behavior 
were not obtained following cingulectomy. 

The results of stimulation of the anterior 
cingulate gyrus in man, as carried out by 
Pool!® and Pool and Ransohoff,17 bear out the 
autonomic changes in pulse, respirations, and 
facial movements that were seen in the pres- 
ent animal experimentation. In cases where 
a tumor or a lesion involved the anterior cingu- 
late region bilaterally (Marchifara syndrome), 
Ironside and Guttmacher,!® Barris and Schu- 
man,!® and Kennard!’ noted akinesia and mu- 
tism, choreiform movements, and epileptiform 
convulsions. Le Beau®® pointed out that the 
electroencephalographic findings improved 
after cingulectomy performed for treatment of 
mental illness combined with chronic epilepsy. 
Where a cingulectomy was carried out for 
obsessive-compulsive neuroses,?.?1 there ap- 
pears to have been an improvement in the 
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symptoms. A transient state of confusion oc- 
curred in which thoughts or dreams were dis- 
tinguished from reality with difficulty, but the 
postoperative “frontal syndrome” did not occur. 


SUMMARY 


1. An account is presented of the results of 
stimulation and destruction of portions of the 
cingulate region of 15 Macaca mulatta mon- 
keys (figures 2 and 3 for detailed summary). 
A pattern of somatic movements was found on 
the anterior portion of the cingulate gyrus 
which repeated itself in reverse order on the 
posterior portion of this gyrus. In this pattern, 
movements characteristic of emotional expres- 
sion, involving the musculature of the face, the 
head, and the neck were present upon stimp- 
lation of all points on the gyrus. They were 
either homolateral or bilateral. The movements 
involving clonic flexion, extension, and inter- 
nal rotation of the upper and lower extremi- 
ties were either contralateral or bilateral. 

2. Increased strength of stimulation (7 to 
10 volts) produced convulsive movements com- 
parable to those seen in certain forms of epi- 
lepsy. 

3. Autonomic phenomena included respira- 
tory, cardiovascular, sudoriferous and pupillary 
changes, and piloerection. These resulted both 
from stimulation and from destruction of the 
rostral and the caudal parts of the cingulate 
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Cell count in the lateral geniculate 


nucleus of man 


Philip R. Sullivan, M.D., Jay Kuten, B.A., 
Matthew S. Atkinson, M.D., Jay B. Angevine, Jr., Ph.D. and 
Paul I. Yakovlev, M.D. 


It 1s HELD as probable that there exists a 1:1 
ratio between the fibers in the optic nerve 
and the ganglion cells in the lateral geniculate 
nucleus. To our knowledge, the literature con- 
tains only one cell count of the lateral geni- 
culate nucleus in man, that of Balado and 
Franke.' They have found a total of 568,845 
cells. In regard to the count of fibers in the 
human optic nerve, Balado and Franke quoted 
Zwanenberg (who found 440,000 fibers) and 
Ariens Kappers (550,000 fibers). Polyak? 
found “from approximately 800,000 to more 
than 1,000,000” fibers and quoted Salzer (who 
found 438,000 fibers) and Krause (not less than 
1,000,000 fibers, of which 400,000 are thick, 
the rest thin fibers). Bruesch and Arey,* in a 
preliminary note, indicated a range of from 
564,766 to 1,140,030 fibers in the human op- 
tic nerve. Later these authors‘ revised their 
estimates, giving a narrower range and a high- 
er figure (871,000 to 1,200,000 fibers), with 
an average of 1,010,000 fibers for ten individ- 
uals. The figure exceeds by nearly 100 per cent 
the cell count in the lateral geniculate nucleus, 
as given by Balado and Franke. 

Until the exact composition and the mode 
of terminal arborization of the optic nerve 
fibers are clearly defined, the fiber counts in 
the optic nerve and the cell counts in the lat- 
eral geniculate nucleus can have only docu- 
mentary value, without permitting conclusions 
as to the ratio between cells and fibers. With 
the hope of contributing further documenta- 
tion pertinent to what still remains an un- 
settled problem, we wish to place on record 
the results of a cell count in the left lateral 
geniculate nucleus of a 28 year old healthy 
male who died following an industrial accident 
(fracture of the neck in a fall from a scaffold). 

Whole brain serial sections cut at 35 micra 
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in the sagittal plane were stained with cresy] 
violet for nerve cells. One hundred-forty sec- 
tions of a gapless series included the left lateral 
geniculate nucleus (sections 665-795). Every 
tenth section was used for the cell count—14 
slides in all. A 4 by 4 cm. transparent plastic 
sheet 1 mm. thick engraved with a rectangular 
grid of 1 mm. squares was mounted on each 
slide over the area of the lateral geniculate 
nucleus. The axes of the grid were oriented 
identically in each section. Under the dissect- 
ing microscope all squares bordering on the 
lateral geniculate nucleus, but containing no 
nerve cells of the nucleus within their per- 
imeter, were marked with India ink; thus, the 
squares containing cells of the nucleus were 
sharply delimited. The squares containing 
cells were given coordinates in Roman and 
Arabic numerals for identification of fields and 
recording of the cell count. The count of the 
nerve cells was made in each square within 
the perimeter of the nucleus of each slide. 
The actual counting of the cells was made 
thus: A Bausch and Lomb microprojector (tvpe 
42-53-59, 10x ocular and Zeiss 3x and 20x 
objectives) was mounted in vertical position. 
The image projected on the paper with the 
20x objective gave a linear magnification of 
300 diameters and sufficient resolution to see 
the nucleoli of the nerve cells, as well as the 
outlines of the nuclei and cell bodies. With 
the 3x objective, the image of the appropriate 
square was centered on the paper. The 20x 
objective was then used. The circular image 
of 300 mm. diameter was focused and centered 
so that it would be concentric with the square 


From the department of neuropathology and the Warren 
Anatomical Museum, Harvard Medical School, Boston, 
Massachusetts. 
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and was then divided into equal quadrants; 
all nerve cells within each quadrant were out- 
lined on the paper with pencil. The penciled 
outlines of cells were counted, using a hand 
tally. The individual cell counts for the circular 
fields inscribed in all squares of each slide 
were added. The total number of cells thus 
actually counted in all 14 slides was 80,191. 
This figure representing the cell count for the 
surface of the inscribed circles was corrected 
for the surface of their circumscribed squares 
by means of a simple proportion. The figure 
obtained for all squares in 14 slides was multi- 
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plied by 10, since only every tenth section 
was counted. The final figure was, 1,018,190 
cells. 

The discrepancy between our figure and 
that of Balado and Franke may reflect a broad 
range of cell population in the human lateral 
geniculate nucleus. The close correspondence 
of the number of cells in the lateral geniculate 
nucleus found by us with the number of fibers 
in the optic nerve arrived at by Bruesch and 
Arey lends support to the contention that the 
ratio of the nerve cells in the lateral geniculate 
nucleus and of fibers in the optic nerve is 1:1. 
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@ The aura epileptica, in some cases, seems to be the consequence of an irritation 
of a nerve in the part from which it arises. Galen thus explains the phenomenon, 
which he compares to the effect of the bite of a venomous animal. Modern authors, 
also, consider this sensation as an evidence of some irritation or direct stimulus, acting 
on a part, and communicated to the brain. A late eminent writer thinks, “that it 
may arise from an affection of the extremities or other parts of a nerve, acted upon 
by some irritating matter and following the course of such nerve;” but he remarks, 
“that he never found it distinctly taking the course of such a nerve, for it generally 
seems to pass along the integuments.” Several authors mention cases in which the 
aura epileptica appeared clearly to arise from distinct local disease. 


John Cooke in A Treatise on Nervous Diseases, 
published in 1824. 
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CASE REPORT 


Neurologic complications 


of Asian influenza 


William W. Anderson, M.D. and R. Mary Jaros, M.D. 


As PREDICTED by the virologists and borne out 
by U.S. Public Health reports, the immedi- 
ate complications from the 1957 epidemic of 
Asian influenza are quite rare when one con- 
siders the large numbers of individuals in many 
areas of the world who were found to have 
contracted the illness. Encephalitis as a com- 
plication of Asian influenza, confirmed by virus 
studies, appears to have been reported in only 
three cases. Bennett and Turk! reported a 
fatal case of encephalitis following Asian in- 
fluenza. Two cases of Asian influenza encepha- 
litis were also reported by Dubowitz in Eng- 
land.2 However, it should be noted in Dubo- 
witz’s case 1 that, since the antibody titer 
against influenza type A remained at 1:64 in 
both the acute and convalescent sera, this case 
may well be considered merely presumptively 
positive. Bennett and Turk’s case, on the other 
hand, did show a definite rise of the titer. 

In our experience, encephalitis is not as un- 
common a complication of Asian influenza as 
might be inferred from the available literature. 
Correspondingly, three cases are reported and 
the essential criteria for the serologic diagnosis 
of Asian influenza are emphasized. 


CASE REPORTS 


Case 1. A 15 year old white male developed 
headaches, general malaise, and signs of upper 
respiratory infection on September 30, 1957. Tem- 
perature was recorded between 101° F. and 102° 
F. during his stay at home. He did not seek med- 
ical advice until October 14, 1957, when he was 
seen in the office of his family physician for acute 
urinary retention. At that time he was found to 
have 740 cc. of residual urine. A lumbar puncture 
was carried out in Sequoia Hospital and revealed 
a pressure of 198 white cells (95 per cent lympho- 
cytes) and protein 69.5 mg. per cent. The remain- 
der of the chemical studies were normal. It was 
noted that the patient had not received Asian in- 


fluenza vaccine. He had received three polio shots 
in the summer of 1957. 

The patient was immediately transferred to San 
Mateo Community Hospital where a general phys- 
ical examination fee the temperature to be 
101° F., respirations 20, and pulse 100. He com- 
plained of marked photophobia, stiff neck, and in- 
creasing somnolence, in addition to the urinary 
retention. 

On October 16, the second day of hospitaliza- 
tion, his residual urine was 830 cc. and he had 
an increase in his lethargy, photophobia, and 
neck stiffness. On this day his reflexes became 
hypoactive. 

On October 23, 1957 the patient was seen in 
neurologic consultation. At this time he was 
lethargic, febrile with temperature of 101.2° F., 
and had marked photophobia. He showed no de- 
fect in mentation, but his responses were slow. 
He was oriented as to time, place, and person and 
was quite cooperative. Funduscopic examination 
revealed bilateral low-grade papilledema. There 
was marked weakness of the right lateral rectus 
muscle and diplopia was noted on right lateral 
gaze. Sensory examination was normal, except for 
slightly diminished perception of joint position in 
the toes. Brudzinski and Kernig signs were posi- 
tive. Motor examination revealed a flapping trem- 
or of the outstretched hands and a sli ht drift of 
the right me limb. The entire left lower limb 
appeared to be weak, —— marked in the hip 
flexors. A left extensor plantar response was noted 
and he had a sweat level at approximately T.. 
Abdominal reflexes were absent. 

Febrile agglutinations were negative. Chest and 
skull roentgenograms were also normal. The initial 
blood count revealed 14.3 gm. hemoglobin, with 
16,500 white cells of which 93 per cent were poly- 
morphonuclears and 10 per cent of these were 
nonsegmented. Six urine analyses were all within 
normal limits. 

The patient was treated nya A 
Foley catheter was inserted on the second day of 


From the department of neurology, University of Califor- 
nia School of Medicine, San F isco, the division of con- 
tagious diseases of the San Mateo Community Hospital, 
San Mateo, and the department of internal medicine, Se- 
quoia Hospital, Redwood City, California. 
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hospitalization and removed 15 days later. He 
was given a broad spectrum antibiotic to combat 
any secondary infection. 

The patient’s temperature ranged from 101° F. 
on the day of admission to 102.4° F. on October 
21, after which it gradually fell to 97.8° F. on 
November 4, the day of his discharge from the 
hospital. There was also noted a gradual fall in 
the number of white blood cells in the spinal fluid, 
as well as a fall in the spinal fluid protein. The 
acute and convalescent serum gave a complement 
fixation antibody titer of 1:32 for the influenza A- 
type virus. A hemagglutination test against Asian 
influenza virus revealed a titer of 1:32 in both the 
initial and convalescent specimens. 

This patient was discharged from the hospital 
and al x a complete recovery over a seated of 
two months. At the present time he is in good 
health and attending school regularly. 

Case 2. An 18 year old white male gave a his- 
tory of being well until October 21, 1957, when 
he developed a respiratory infection characterized 
by a fever of 102° F., cough, sore throat, lethargy, 
and nausea. He was the third member of his fam- 
ily to develop these symptoms over a period of 
ten days. He was given antibiotics and aspirin 
and within five days the fever gradually subsided 
to normal, On the fifth day the patient began to 
sleep 18 to 20 hours a day, and he began to ex- 
hibit a pattern of behavior that was entirely dif- 
ferent from his usual personality. He was unsure 
of where he was and the length of his illness. He 
exposed himself indecently to members of the fam- 
ily as well as to strangers. The family described 
his behavior as extremely aggressive, fresh, im- 
patient, and reported that he often totally ignored 
questions that were put to him by his friends and 
relatives. He would deny that he had eaten his 
meals and would attempt to confabulate when 
given questions that he could not readily answer. 

His past medical history, family history, and 
review of systems were noncontributory. The gen- 
eral physical examination revealed a blood pres- 
sure of 130/86, respirations 20, and pulse 96. 
His temperature was 98.8° F. on the day of ad- 
mission to Sequoia Hospital on October 28; at no 
time during hospitalization did he ever appear to 
run a fever. 

The patient was seen in neurologic consultation 
on October 30, 1957. Examination revealed an 
agitated, hostile, white male who was examined 
with considerable difficulty. He was oriented as 
to the month and place, but did not know the 
exact date nor how long he had been in the hos- 
pital. He could differentiate right from left and 
could carry out commands quite accurately once 
or twice; after three or four commands had been 
carried out, however, he began to confuse right 
from left and had to correct himself repeatedly. 
He could not subtract 7’s from 100 lower than 93 
without making a great many mistakes or having 
to ask the examiner what he was supposed to do. 
He was unable to repeat six numbers forward or 


three numbers backward. During the examination 
the patient looked at the hospital menu and denied 
that he had signed his name to the sheet. Atten- 
tion span appeared to be very short. He could 
not remember pertinent events that had occurred 
during the past week. At times he became ex- 
tremely lethargic and yawned almost continually. 
When asked how long he had been in the hos- 
pital, he stated that he had been there two months 
when actually he had been there four days. The 
patient confused the names of some members of 
his immediate family. He denied hallucinations 
or delusions. On talking to the nursing personnel, 
the examiner had the feeling that the patient had 
had visual hallucinations. The remainder of the 
neurologic examination was entirely normal. 


Routine laboratory studies, including skull and 
chest roentgenograms, complete blood count, urine 
analysis, and electroencephalogram were normal. 
Spinal fluid examination was slightly traumatic 
and the fluid contained 4,775 red blood cells and 
5 lymphocytes. A repeat spinal puncture was ad- 
vised, but both the patient and his family refused 
to comply. Blood cultures, as well as spinal fluid 
cultures, were normal. Blood serum was sent to 
the virus laboratory in Berkeley, California, where 
it was revealed that the positive complement- 
fixation antibody level was 1:28 in both the acute 
and convalescent phase sera. There was a rise in 
the hemagglutination-inhibition test against Asian 
influenza from an initial titer of 1:4 to 1:32. 

The patient was seen in psychiatric consultation 
and the diagnosis of an organic psychosis was con- 
firmed. Within ten days after admission the pa- 
tient began to make a gradual recovery. After a 
period of six weeks he was noted to again have 
assumed his premorbid personality. 

Case 3. A 17 year old white male stated that 
he had been well until November 13, 1957, when 
he developed chills, fever, and a high temperature. 
His family physician made a diagnosis of influenza. 
The patient did not improve within the first five 
days of his illness and gradually became very 
lethargic, mentally confused, and appeared to be 
extremely toxic. 

He was admitted to the San Mateo Community 
Hospital on November 21, 1957. Examination at 
that time revealed that he had a temperature of 
105° F., pulse 110, and respirations 30. He was 
mentally confused and appeared to be toxic. He 
was difficult to arouse, obeyed commands with 
difficulty, and was disoriented as to recent and 
past events. He tended to fall asleep during the 
examination. His neck was noted to be very stiff. 
The patient did not demonstrate any neurologic 
findings other than those stated above. 

The initial red blood count on the day of ad- 
mission showed 15.2 gm. hemoglobin, with 11,201 
white cells and a differential count of 61 <M 
morphonuclears, 3 immature polymorphonuclears, 
-and 1 eosinophil. Serum sodium 
potassium and chloride determinations were nor- 
mal. Blood urea nitrogen on the day of admission 
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was 22.5 mg. Routine chest roentgenogram was 
entirely normal. 

Spinal fluid examination on the day of admis- 
sion revealed 152 white cells, of which 82 per 
cent were lymphocytes. Spinal fluid protein was 
96 mg. per cent. The remainder of the chemical 
studies, including serology, were negative. 

On the second day of hospitalization it was 
noted that lethargy and coma had increased to 
such a state that he could be aroused only with 
painful stimuli. He began to have a great deal 
of difficulty with secretions, although his gag reflex 
was intact. A tracheotomy was considered, but was 
not carried out. Both palatal and gag reflexes were 
intact. The Kernig and Brudzinski signs were 
markedly positive. 

On November 24 the patient was noted to show 
improvement from his state of coma and gradu- 
ally improved. As his comatose state improved, 
generalized athetotic movements appeared. His 
temperature had fluctuated from 105° F. on the 
day of admission to normal on November 30. 

Repeat spinal puncture on November 26 re- 
vealed 54 white cells with 90 per cent lympho- 
cytes. The repeat spinal fluid protein was 30 mg. 
per cent. Febrile agglutinations, as well as four 
urine analyses, were normal. 

This patient showed a hemagglutination-inhibi- 
tion test against the Asian virus which initially was 
1:4; on the third specimen taken ten days after 
the initial specimen, the titer had risen to 1:156. 
This was interpreted as being strongly positive for 
Asian influenza. 

He was discharged from the hospital on Novem- 
ber 30, 1957. 

The patient showed a gradual recovery. How- 
ever, there is a residual athetotic-like tremor in- 
volving both upper limbs that has persisted up to 
the present time (four months later) and general- 
ized muscle weakness has remained. 


COMMENT 


Serologic diagnosis of a viral infection de- 
pends on the examination of two or more blood 
specimens. The initial specimen should be ob- 
tained as early as possible after the first symp- 
REFERENCES 
1. Bennett, A. E., and Turk, R. E.: Acute encephalitis 


and death following Asian influenza. California Med. 
87:411, 1957. 


toms are noted. The second, and if possible 
a third specimen, should be obtained several 
weeks after the first. If the initial and con- 
valescent titers are the same, as was the sit- 
uation in case 1, the results are inconclusive. 
A hemagglutination-inhibition test against the 
Asian influenza virus type A in case 1 showed 
a titer of 1:32 in each specimen. This would 
allow one to classify his case as presumptively 
positive. To be diagnostically significant, there 
should be a rise in antibody titer in conva- 
lescent serum at least four times as compared 
to the serum obtained during the early stages 
of the illness. 


DISCUSSION 


It is felt that cases 2 and 3 were both cases 
of encephalitis, secondary to Asian influenza. 
Case 1 could only be interpreted as presump- 
tively positive, because the titer did not rise 
from the initial 1:32 ratio. It is of interest to 
note that two of the three cases showed symp- 
toms that were primarily related to the frontal 
lobes. Undoubtedly, there are many more cases 
of Asian influenza encephalitis other than those 
reported thus far in the literature. 


SUMMARY 


A series of three cases of encephalitis due 
to Asian influenza is reported. It is noteworthy 
that all three cases occurred in young males 
under the age of 21. One patient has definite 
residual findings of an extrapyramidal type. 


The authors are indebted to Dr. Harry E. Mason, Jr. of 
Redwood City, California, for his generosity in permitting 
us to include case 3. 

The assistance of Dr. Edwin H. Lennette, chief of the 
Viral and Rickettsial Disease Laboratory of the California 
Department of Public Health, is acknowledged with sin- 
cere thanks. 


2. Dusowrrz, V.: Influential encephalitis. Lancet 1(7012): 
140, 1958. 
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CASE REPORT 


Posterior fossa arteriovenous 


aneurysm with occlusion of a 


vertebral artery 


Robert D. Teasdall, M.D. 


WirH THE ADVENT of angiography, interest in 
vascular lesions of the central nervous system 
has increased and numerous articles on arterio- 
venous malformations have appeared in the 
literature, notably those of Olivecrona and 
Riives,| Mackenzie,? Paterson and McKissock,* 
Anderson and Korbin.* These lesions are more 
frequently encountered above the tentorium. 
Krayenbiihl and Yasargil,®> however, reviewed 
from the literature 65 cases of arteriovenous 
aneurysms supplied by the vertebral system 
and described ten cases of their own situated 
in the posterior fossa. Hemorrhage, progres- 
sive neurologic involvement, and obstructive 
hydrocephalus have been emphasized as pre- 
senting features in reported cases of posterior 
fossa malformations.® That occlusion of a par- 
ent arterial trunk may draw attention to the 
presence of such a malformation has not been 
described previously. 


CASE REPORT 


A 32 year old patient was admitted to the Johns 
Hopkins nail on November 11, 1957. At the 
age of four years he bled profusely from a vascu- 
lar malformation of the right cheek. On March 9, 
1957 he was admitted to the Maryland General 
Hospital, since the vascular anomaly had increased 
in size and he had noticed an intermittent hissin 
localized to the right ear. A right external aaa 
angiogram demonstrated the arteriovenous malfor- 
mation, but the internal carotid system was nor- 
mal, Following angiography the cutaneous lesion 
was removed surgically and the right external ca- 
rotid was ligated in the neck. The pathologic diag- 
nosis was arteriovenous aneurysm. The patient re- 
turned to work and was essentially asymptomatic, 
except for transient episodes of unsteadiness, occa- 
sional headache, on intermittent hissing in the 
right ear. 

On November 11, 1957 he was suddenly stricken 
with unsteadiness, dizziness, nausea, vomiting, im- 


paired speech, and severe pain over the right fore- 
head. On admission to hospital the pulse was 74 
and blood pressure 140/75. He was fully con- 
scious and able to give an adequate history, but 
his attention was difficult to maintain. His face 
was florid, the right side was fuller and warmer 
than the left, a the right ear was the larger. 
He was vomiting and retching. S th was thick 
and slurred, with a distinct and 
he had difficulty in swallowing. He complained of 
severe vertigo, nausea, and pain over the right 
forehead, all of which were aggravated by move- 
ment of the head, particularly in extension. There 
was no nuchal rigidity. Superficial pulsatile ves- 
sels could be palpated scale in the right sub- 
occipital region. A bruit was clearly audible in 
this area, as well as over the right eye. 

Vision was normal, peripheral fields were full to 
confrontation, and no abnormalities were noted on 
examination of the disks, fundi, and retinal vessels. 
The eyes presented in primary gaze in a normal 
fashion. However, there was evident impairment 
in conjugate upward movement, virtually complete 
anterior internuclear ophthalmoplegia, and right 
abducens paralysis. Convergence was performed 
poorly in both eyes. The pupils were miotic, the 
right being somewhat smaller. Both reacted fairly 
briskly to light and accommodation. There was 
anhidrosis over the right forehead and a minimal 
right ptosis. The right temporal and masseter mus- 
cles were weak and the jaw deviated to the right. 
His responses to light touch, pinprick, and tem- 
perature were er absent over all three 
divisions of the right trigeminal. Complete right 
facial and palatal paralyses were present, along 
with some weakness of right sternocleidomastoid 
and trapezius muscles. Incomplete nerve deafness 
was present in the right ear, accompanied by tin- 
nitus and subjective awareness of the bruit. The 
septate tongue deviated to the right, but could 

e moved equally well to both sides. 

There was mild dysmetria on the right side. 
Minimal weakness of the left upper and lower 
limbs was present, with increased deep tendon 


From the subdepartment of neurological medicine, the 
Johns Hopkins Hospital, Baltimore, Maryland. 
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reflexes and depressed superficial abdominal re- 
flexes on that side. There was some sensory deficit 
to pinprick, temperature, and light touch involv- 
ing the left upper and adjacent trunk but sparing 
the lower limb. Position sense was intact. 

His conscious level and vital signs remained 
relatively stable for the duration of his hospitaliza- 
tion. Rectal temperature varied from 99° to 
101.8° F. during the first six days; thereafter it 
remained at normal levels. Admission urinalysis 
was negative, hematocrit 49.5, and white blood 
count 18,000. On the day following admission 
hematocrit was 51.5 and white blood count 9,200 
with a normal differential. His blood serology was 
negative. Routine skull plates were normal. Eight 
days after admission lumbar puncture revealed 
clear, faintly xanthochromic, spinal fluid under 
130 mm. pressure. It contained 19 mononuclear 
cells and 66 red blood cells per cu. mm.; the Pan- 
dy reaction was negative; protein was 50 mg. per 
cent. 

Vomiting ceased in a few days, but vertigo and 
pain over right forehead persisted for about two 
weeks, being aggravated by movements of the 
head particularly in extension. The bruit disap- 
er completely about three weeks after admis- 
sion. 

Four days after admission spontaneous dissoci- 
ated movements of the eyes were noted in primary 
gaze. The left eye deviated inferonasally, the right 
inferiorly, and from these positions both eyes were 
rapidly returned to the primary position. Vertical 
nystagmus was apparent on either superior or in- 


Fic. 1. Right vertebral angiogram. 


CASE REPORT 


ferior gaze. Thereafter, although the spontaneous 
movements and vertical nystagmus persisted, there 
was gradual improvement in the extraocular move- 
ments. Three weeks after admission superior con- 
jugate movements were full. His internuclear oph- 
thalmoplegia was less apparent. The sensory deficit 
had disappeared on the left side in the upper ex- 
tremity and trunk. Otherwise neurologic findings 
were essentially unchanged from admission. 

On his tenth hospital day right common carotid 
angiography was performed. No external carotid 
filling occurred. Apart from a few abnormal ves- 
sels at the origin of the posterior cerebral artery, 
the internal carotid system was normal. A few 
days later percutaneous right vertebral angiogra- 
phy was attempted with 8 cc. Hypaque (sodium 
diacetryate) under local anesthesia. As shown in 
figure 1, the column of dye in the dilated right 
vertebral artery extended almost up to the foramen 
magnum where it ended abruptly, suggesting oc- 
clusion of the right vertebral artery at this level. 
Still later, the right occipital artery was exposed 
and 50 per cent Hypaque injected into this vessel 
(figure 2). Dilated tortuous vessels over the pos- 
terolateral aspect of the scalp were demonstrated. 
In spite of the increased vascularity of this area, 
no communication with the internal system could 
be demonstrated. On December 4, 1957 percuta- 
neous right vertebral angiography was repeated 
under general anesthesia and again block was 
demonstrated. The left vertebral artery was then 
injected. This showed a massive arteriovenous mal- 
formation in the posterior fossa (figures 3A, B, 


Fic. 2. Right occipital angiogram. 
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POSTERIOR FOSSA ARTERIOVENOUS ANEURYSM 


= 
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and C). The anomaly involved the brainstem and 
extended from foramen magnum to dorsum sellae 
and posteriorly into the cerebellum. It was fed 
from the basilar and left vertebral arteries and re- 
vealed rapid transference of dye into its venous 
channels. The left vertebral artery was clearly 
dilated . 

Approximately 12 weeks after the onset of ill- 
ness the patient was reexamined. In general, his 
progress had been quite satisfactory, although he 
still complained of transient bouts of light-headed- 
ness, particularly with movement of the head. 
Mild bitemporal headaches were relieved by as- 
pirin. Although tinnitus was still present, the bruit 
had remained absent. Three weeks previously 
hearing had improved to its level prior to onset 
of the ¥ ptgeo-< illness. In addition, the patient had 
noticed a regular clicking sound for the last two 
weeks. He could walk, although his gait was 
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Fic. 3. A. Left vertebral angiogram, arterial phase. 
B. Left vertebral angiogram, venous phase. 
vertebral angiogram, arterial phase. 


C. Left 


ataxic, and he tended to deviate to the right. 
The pupils were equal, measured 3 mm., and re- 
acted briskly to light. Minimal right ptosis per- 
sisted, though sweating had returned over the 
forehead. His eyes were still in primary gaze. 
Except for right abducens paralysis, horizontal 
movements of the eyes were Pill with nystagmus 
only in extreme positions. Hearing was somewhat 
improved in the right ear, but still depressed as 
compared to left. Myoclonic movements of the 
right side of the palate were now apparent, this 
side of the palate still being the weaker. The re- 
maining cranial nerves and signs referable to ex- 
tremities were unchanged. 


DISCUSSION 


The left vertebral angiogram demonstrated 
conclusively a massive arteriovenous malfor- 
mation in the posterior fossa. This anomaly 
currently derives its entire blood supply from 
the left vertebral artery, the right being oc- 
cluded. The venous drainage of the malfor- 
mation is chiefly into the straight sinus. 

Although the sudden onset of complaints in 
this patient is clearly compatible with a vas- 
cular catastrophe, it is felt that the preserva- 
tion of consciousness and general well being 
of the patient on admission without nuchal 
rigidity would be against frank hemorrhage. 
Moreover, there is angiographic evidence for 
occlusion of the right vertebral artery. Finally 
the cranial nerve involvement from the sixth 
to the twelfth on the right side, with nystag- 
mus, right Horner’s syndrome, right cerebellar 


signs, left hemihypesthesia, and left upper 
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motor neuron signs with sparing of position 
sense, are all compatible with thrombosis of 
the right vertebral artery.7* Indeed, Krayen- 
biihl and Yasargil® have commented on the 
clinical similarity of this occlusion to Wallen- 
berg’s syndrome (thrombosis of the posterior 
inferior cerebellar artery). That this patient 
did have vascular insufficiency of the vertebral 
system was functionally demonstrated by the 
extreme nausea and giddiness evoked by ex- 
tension of the neck.® However, some of the 
ocular findings, namely impairment in conju- 
gate gaze and the anterior internuclear oph- 
thalmoplegia, are supranuclear and indicative 
of damage much higher in the brainstem. 
Whereas similar ocular findings have not been 
described previously in vertebral artery throm- 
bosis,7'5!° it seems most reasonable, in this 
instance, to relate them also to transient in- 
sufficiency due to that proved occlusive lesion. 

On admission to hospital this patient had a 
bruit over the right side of his head, which was 
audible not only to the examiner, but also to 
the patient. In the ensuing weeks it gradu- 
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ally subsided and was no longer apparent. 
Although this bruit undoubtedly may have 
arisen within the arteriovenous aneurysm it- 
self, it is of interest that it became much 
more noticeable coincident with occlusion of 
the right vertebral artery. Accordingly, one 
might assume that part at least of this bruit 
arose from the intact left vertebral artery and 
was similar in this respect to bruits occurring 
on the side opposite to a thrombosed internal 
carotid artery." 

The development of palatal myoclonus dur- 
ing the patient’s convalescence is also of in- 
terest. This type of myoclonus may be caused 
by lesions in very different areas of the brain- 
stem. According to Hiller,” the central teg- 
mental tract is the most frequently involved, 
but lesions in the medial longitudinal fascicu- 
lus, substantia nigra, reticular formation of the 
medulla, inferior olive, or dentate nucleus may 
also be accompanied by myoclonus. To my 
knowledge, it has not been described _pre- 
viously in vertebral or even posterior inferior 
cerebellar artery thromboses. 
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CASE REPORT 


Acute peripheral neuropathy 


in Hodgkin’s disease 


Report of a fatal case with histologic features 


of allergic neuritis 


Douglas G. Cameron, 
J. L. Hutchison, M.D. 


NEUROLOGIC SYMPTOMs and signs are common 
in Hodgkin’s disease and are usually caused 
by direct involvement of the nervous system 
with lymphomatous tissue. We are not aware 
of any reported case of peripheral neuropathy 
developing during the course of this disease 
or any other lymphoma in which invasion of 
the nervous system was not found. Neither 
do we know of any reported case of periph- 
eral neuropathy in man showing histopatho- 
logic features similar to the experimental aller- 
gic neuritis described by Waksman and Adams 
in animals.' We are reporting such a case. 


CASE REPORT 


The patient was a 30 year old white man whose 
illness began in 1952 with pruritus. Early in 1954 
an enlarged lymph gland appeared in the neck, 
which proved on biopsy to be Hodgkin’s granu- 
loma. Triethylenemelamine (T.E.M.) gave some 
relief from the pruritus. In August 1954 the pru- 
ritus became more intense and generalized lymph- 
adenopathy appeared, A course of nitrogen mus- 
tard (HN,) relieved the pruritus and there was 
some ee proven of the adenopathy. Further 
courses of nitrogen mustard were given with bene- 
fit in February and August 1955 when these symp- 
toms recurred. Enlargement of the mediastinal 
glands led to partial respiratory obstruction in 
January 1956. This was controlled effectively by 
deep x-ray therapy, followed by a further course 
of nitrogen mustard. He was at work until two 
days before his final admission on September 12, 
1956, when he developed weakness and unsteadi- 
ness of both legs. The patient received only the 
medications mentioned dan. 

On admission he was not in acute distress. Tem- 
perature was 98.4°, pulse 90, respirations 18, and 
blood pressure 134/78. Modietately enlarged, firm, 
non-tender lymph nodes were palpable in the neck, 
axillae, and groins. Examination of the heart, 
chest, and abdomen showed no abnormalities. 


M.D., D. A. Howell, M.B. and 


His gait was unsteady and a generalized weak- 
ness of both legs was apparent. There was some 
impairment of all modalities of sensation, particu- 
larly joint sense. The ankle jerks were absent but 
the knee jerks were elicited with reinforcement. 
Urinalysis revealed no abnormalities. The blood 
studies (red cells 4.7 million, hemoglobin 14.3 
gm., hematocrit 46 per cent, white cells 5,300, with 
normal differential count, and platelets 225,000) 
were all normal. The cerebrospinal fluid pressure 
was 90 mm. It contained 2 mononuclear cells per 
cu.mm, and 220 mg. of protein per 100 ml. 

His condition remained unchanged until the 
third day when the neurologic signs progressed. 
There was flaccid weakness of all four limbs and 
the tendon reflexes were absent. His voice was 
weak and swallowing was difficult, but he could 
still walk with assistance. No further extension 
of the neurologic disorder was observed durin 
the remaining week of his life. He remain 
afebrile. Complete respiratory paralysis did not 
occur, but postural drainage was required to clear 
accumulating secretions. He died suddenly on the 
tenth hospital day, 12 days after the onset of the 
neurologic symptoms. 


AUTOPSY FINDINGS 


There were some terminal bronchopneumonic 
changes in both lungs. The enlarged ane showed 
a replacement of the normal architecture by fibrous 
tissue, large reticulum cells, eosinophilic granulo- 
cytes, and giant cells, some of the Dorothy Reed- 
Sternberg type. These findings confirmed the diag- 
nosis of Hodgkin’s granuloma. 

Nervous system. The brain, spinal cord, fourth 
and eighth thoracic sensory root ganglia, portions 
of the brachial and lumbosacral plexus, and peron- 
eal nerves were examined and no gross abnor- 
malities were recognized. Sections were stained 
with hematoxylin and eosin, Nissl’s stain, Heiden- 
hain’s stain for myelin, and Bodian’s stain for axis 
cylinders. There were no histologic abnormalities 


From the McGill University Clinic and the department of 
pathology, Montreal General Hospital, Montreal, Quebec, 
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CASE REPORT 


Fic. 1. Section of nerve of right brachial plexus stained with hematoxylin and eosin, showing a large cellular 
aggregate of histiocytes, Schwann cells, and occasional lymphocytes and polymorphonuclear leukocytes. 
Fic. 2. Section of nerve of right brachial plexus stained with Heidenhain’s method for myelin, showing the 
patchy nature of the demyelination in a less severely affected nerve. 

Fic. 3. Section of nerve of left brachial plexus stained with Heidenhain’s method for myelin, showing much 


more severe demyelination. 


Fic. 4. Section of the same nerve as figure 3 stained with Bodian’s method for axis cylinders. The axis cyl- 
inders show only minor changes, the apparent loss of continuity being ascribed to the plane of section. Three 
cellular aggregates are seen, two of which are clearly perivascular. 


in the cortex, brainstem, or cervical cord, but 
many of the anterior horn cells of the lumbar en- 
largement showed swelling and chromatolysis. 
Discrete elongated aggregates of ten to 40 histio- 
cytes mixed with a few lymphocytes, plasma cells, 
and polymorphonuclear leukocytes were found 
scattered throughout the peripheral nerves and 
roots. They were not plentiful and were not pres- 
ent in every low power field. Some of the aggre- 
gates were clearly perivascular, The sensory root 
ganglia showed less discrete collections of histio- 
cytes with a few lymphocytes, especially under 
the capsule. The epineurium and perineurium ap- 
peared edematous and contained occasional small 
collections of lymphocytes and polymorphonuclear 
leukocytes. The axis cylinders showed little abnor- 
mality. However, a few fibers showed irregular 
swelling and beading near the cell aggregates, and 
close to some of the larger aggregates there was 
a loss of continuity in a few of the axis cylinders. 
Heidenhain’s stain revealed extensive demyelina- 
tion. At the level of the sensory root ganglia few 
myelin sheaths remained intact. In the brachial 
and lumbar plexuses there were many elongated 
discrete patches of demyelination of the segmental 


type. Only a few of these latter patches could be 
related to the cell aggregates. These lesions prob- 
ably appeared at the onset of the neuritis 12 days 
before death. The majority of the lesions probably 
represent a second crop appearing seven days 
before death. Distally in the peroneal nerve, 
patches of demyelination were rare and no cellular 
infiltration or axis cylinder damage was recognized. 
The nerve cells of the sensory root ganglia showed 
no abnormality. There was no Wallerian degenera- 
tion and no infiltration of the central or peripheral 
nervous system with the tissue of Hodgkin's dis- 
ease. 


DISCUSSION 
Nature of the Peripheral Neuropathy 

The clinical features of the terminal illness 
in this patient were characteristic of the dis- 
order variously called acute idiopathic poly- 
neuritis, acute infectious polyneuritis, or the 
Landry-Guillain-Barré syndrome. In general, 
the pathologic changes in the peripheral nerves 
correspond closely to those described by Hay- 
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maker and Kernohan.? However, there was 
one important difference. These authors did 
not report any difference between the inten- 
sity of the demyelination and the destruction 
of axis cylinders. Adams has reported that the 
axis cylinders are usually less severely affected 
than the myelin sheaths in this condition.* 
The difference was so marked in our patient 
that the pathologic process must be classi- 
fied as a demyelinating one. The pathologic 
changes we observed are strikingly similar to 
the changes described in experimental allergic 
neuritis in animals.' This experimental periph- 
eral neuropathy shows the same distribution 
of lesions, the same patchy demyelination with 
relative sparing of the axis cylinders, and simi- 
lar perivascular aggregations of cells. Most 
patients with acute idiopathic peripheral neu- 
ritis coming to autopsy have comiplete pa- 
ralysis of the limbs and muscles of respiration. 
The demyelinating process is probably intense 
and the swelling of the degenerating myelin 
may destroy the axis cylinders so that the ex- 
tent of demyelination and axis cylinder de- 
struction appears about equal. Our patient 
came to autopsy without having developed 
complete paralysis. The demyelination was less 
intense and only a few axis cylinders were 
destroyed. These findings support the sugges- 
tion by Waksman and Adams that acute idio- 
pathic peripheral neuritis in man and experi- 
mental allergic neuritis in animals have a simi- 
lar neuropathologic basis. 


Relationship of the Peripheral Neuropathy 
to Hodgkin's Disease 


Whisnant and co-workers, in their review 
of the neurologic manifestations of the lympho- 
mas, mentioned three cases they are following 
in which polyneuritis is associated with giant 
follicular lymphoblastoma, lymphosarcoma, 
and Hodgkin’s disease, respectively. One of 
the authors is following a case of Hodgkin's 
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disease associated with chronic peripheral neu- 
ropathy. In these last four cases, the pathol- 
ogy of the peripheral nerves is unknown. 

Allison and Gordon have reported the case 
of a patient with acute peripheral neuropathy 
who was found at autopsy to have extensive 
infiltration of the peripheral nerves by reticu- 
lum cell sarcoma.' Oulie reported the case of 
a 57 year old man with myeloblastic leukemia 
who died with symptoms of acute peripheral 
neuropathy.® At autopsy the leptomeninges 
and spinal roots showed invasion with leu- 
kemic cells. 

Although peripheral neuropathy has not 
been reported in lymphomas without invasion 
of the nervous system, such cases have been 
described in association with carcinoma of the 
bronchus and occasionally with other carcino- 
mas. Heathfield and Williams and Henson and 
Russell have reviewed the relationship of car- 
cinoma to various neuropathies." 

The association of acute idiopathic periph- 
eral neuropathy and Hodgkin’s disease in our 
patient may be fortuitous. However, the dis- 
tinctive neuropathologic lesions suggest an 
allergic change and it is possible that this was 
somehow precipitated by the lymphomatous 
process. 


SUMMARY AND CONCUSIONS 


1. A fatal case of Hodgkin’s disease with 
acute peripheral neuropathy is described. 

2. There was no invasion of the central 
nervous system or the peripheral nerves by 
Hodgkin's tissue. 

3. The peripheral nerves showed extensive 
demyelination with little destruction of the 
axis cylinders. These changes are similar to 
the lesions found in experimental allergic neu- 
ritis in animals. 


We wish to thank Dr. M. J. Aquilar of the Montreal Neu- 
rological Institute for reviewing the neuropathologic ma- 
terial. Dr. Howell is in receipt of a grant from the Ca- 
nadian Life Officers’ Association. 
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The Vertebrate Visual System 


Stephen Polyak. Edited by Heinrich Kliiver. 
1957. Chicago: University of Chicago Press. 
1,390 pages, 551 illustrations. $45.00. 


There are four outstanding features of this 
work which the reviewer believes will stand 
as a monumental classic. These are the _his- 
toric, anatomic, pathologic, and biologic as- 
pects of the vertebrate visual system. 

The author's approach was primarily ana- 
tomic. Therefore, this section describes in mi- 
nute detail the gross and microscopic struc- 
tures concerned with the visual pathways 
which center chiefly on man, apes, and mon- 
keys. Naturally, there is some repetition con- 
cerning the retina and optic radiation from the 
author's previous works. However, the 418 
pages devoted to these and other structures 
portray the system as a whole in an orderly 
fashion and with considerable new material, 
including a detailed account of the blood sup- 
ply and drainage. The most helpful part of the 
anatomic portion deals with the general theory 
of the organization of the nervous systems and 
visual functions. Here one finds in review an 
interpretation of neuronal patterns, especially 
retinal elements. Biographic sketches with 
photographs of those who have made signifi- 
cant contributions to this phase of the subject 
are scattered throughout this section. 

The first section of this book deals histori- 
cally with the study of the visual system. In 
dealing with the pathologic and biologic sec- 
tions, the historical aspect is also stressed as 
each topic of discussion is brought into focus. 
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In a sense, this book is more than a treatise 
on the various aspects of the visual system. 
It is an account of the work not only of those 
who have dealt with the visual system, but 
also those who have faithfully labored in the 
entire field of neurology. 

One hundred fifty pages are devoted to the 
pathology of the visual pathway. This, the 
shortest section of the book, is in some ways 
most revealing. As is well known in many fields 
of medicine, often times a study of the pathol- 
ogy throws light on the normal. Here also one 
learns that a disturbed visual pathway disturbs 
other brain functions. 

The first part of section 4, which deals with 
the origin, development, and biology of the 
visual system, is not merely a summary of the 
known facts in this field, but a welding of this 
information into a beautiful synthesis arrived 
at by the careful analysis of the author's own 
research and the world’s outstanding scientific 
literature. Man’s origin, as far as is known, 
is documented in this study. 

The last section of the book is the most dif- 
ficult to evaluate. The epilogue is speculative 
and philosophic. In the author’s mind, there 
is no question concerning the thought that 
“Man’s superior intelligence and logical think- 
ing developed from modest beginnings during 
untold ages under the stimulus of upright pos- 
ture and emancipation of arms and hands from 
locomotion, which under visual guidance be- 
came most versatile limbs devoted entirely to 
the service of the mind.” This certainly is the 
substrate of civilization as it was the “most 
potent” instrument in the struggle for exist- 
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ence. Professor Polyak had grave doubts about 
man’s ability to cope with his long-range col- 
lective behavior. 

More than 10,000 references appear in the 
bibliography, many of which are also men- 
tioned throughout the book for ease of citation. 


Cerebral Lipidoses 


A Symposium. Chairman: L. van Bogaert, 
M.D. Editor: J. N. Cumings, M.D. Asso- 
ciate Editor: A. Lowenthal, M.D. 1957. 
Springfield, Illinois: Charles C Thomas, Pub- 
lisher. 212 pages. $8.50. 


THEsE ARE the published papers of a sympo- 
sium held in Antwerp on July 26 and 27, 1955, 
devoted to the study of cerebral lipidoses and 
leucodystrophies, considered from histologic 
and biochemical points of view. The object 
was to attempt to classify the lipidoses, consid- 
ered not only as separate diseases, but also 
in their relationship to various forms of leuco- 
dystrophy. The second purpose was to deter- 


Brain Mechanisms and Drug Action 


Edited by William S. Fields. 1957. Spring- 
field, Illinois: Charles C Thomas, Publisher. 
147 pages. $4.25. 


Professor Livingston’s analysis (in chapter one) 
of our present outlook upon the neuroanatomic 
sciences as “the beginning of a kind of ren- 
naissance” is not only true, but carries with 
it the implication that we now have a new in- 
sight wrought in recent years by those who 
have contributed greatly to the understanding 
of brain function by giving a clearer picture 
into the anatomy and physiology of the reticu- 
lar formation. The ten contributors to this 


symposium have done just this. 
The reticular formation is the core of this 
monograph. 


Its anatomy, physiology, and 


There is an excellent index. 

Professor Kliiver is to be praised highly for 
assembling the material as Professor Polyak 
left it at his death. This was an enormous two- 
year task taken from an active investigator's 
life. 

G. Roore 


mine the current value of histochemical and 
routine histologic methods, and to inquire 
whether other methods might be more produc- 
tive in the study of these baffling diseases. 

For the person interested in histochemistry 
and the lipoid storage diseases, this presenta- 
tion will be of considerable interest. It will 
bring him up to date on the work that is pres- 
ently being done on these diseases and provide 
ideas for further avenues of research. It is 
clear that we are a long way from complete 
understanding of the cause or nature of these 
disorders. Should another such symposium be 
held, it would be hoped that a broader ap- 
proach to the problem could be taken. 

J. P.R. 


pharmacology bring this integrating system 
into proper perspective. Brain mechanisms 
now have a unifying medium (reticular for- 
mation) which enables the neurologist to comp- 
rehend more understandingly the behavior of 
his patients. Until recently, it was not possible 
to pinpoint drug action in this system. The 
concept of the reticular activating system as a 
coordinator and integrator of all the nervous 
system will do much for clinical medicine. 
This system not only integrates information 
coming to it, but feeds back for control pur- 
poses to the source from which that informa- 
tion was derived, whether it is the cortex, reti- 
na, or the organ of Corti. 

This symposium deserves the close attention 
of neurologists, psychiatrists, and biologists 
who work with the nervous system. 

P.G.R. 
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A Time and Motion Study and Other Poems 


Roger Merritt Morrell, M.D. 1958. New 
York: Exposition Press. 45 pages. $2.50. 


Dr. Morrell must be an erudite young man, 
for he is both a physician and a poet. He must 
be a versatile person, too, because he is also 
said to be a flyer, boatman, violinist, and pain- 
ter. As another physician-poet in the tradition 
of William Carlos Williams and Merrill Moore, 
his work should be of interest to all physicians, 
but it should have a special appeal to neurolo- 
gists. Dr. Morrell’s other published work is 
“A German-English Glossary of Neurophysiol- 
ogy.” A junior member of the American Acad- 
emy of Neurology, he plans to take a residency 
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in neurosurgery at the Montreal Neurological 
Institute. 

One should not base a review, however, on 
the merits and accomplishments of the author, 
but rather on the book itself. As with all collec- 
tions of poetry, there is a variation in quality. 
Nevertheless, each poem in this small volume 
is in itself a gem. They deal with a variety of 
subjects—from love, life, and death to “Chicago 
Bar” and “Small-town Lush.” They are de- 
lightfully written and show profound realiza- 
tion of human emotions, as well as of suffering 
and pain. Dr. Morrell should have a magnifi- 
cent future before him—both as a_ physician 
and as a poet. 

R. N. DEJ. 
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HYPAQUE SAFE AND EFFECTIVE IN 
CEREBRAL ANGIOGRAPHY 

Cerebral angiography carried out in 100 patients 
showed the contrast agent Hypaque (sodium diacetri- 
zoate) provided “excellent visualization of the vascular 
pattern” and caused few complications, according to a 
study reported in the University of Michigan Medical 
Bulletin (24:7, 1958). 

The investigations were made by James S. Davis, 
M.D. and associates at the Veterans Administration 
Hospital and University of Pittsburgh Medical School. 
They concluded that Hypaque (Winthrop) is highly 


effective in percutaneous angiography under local anes- 
thesia and in open angiography, especially as an ad- 
junct to vascular surgery. 

Ages of the 100 patients ranged from 20 to over 70 
years, with a high incidence of advanced cerebrovas- 
cular disease and hypertension. The authors say the 
contrast agent was especially useful in diagnosing cere- 
bral aneurysms, and in demonstrating during surgery 
the complete removal of a thrombus from the internal 
carotid artery. The study confirmed previous observa- 
tions that Hypaque produces less local irritation and 
vasospasm, and is readily excreted by the body. 


Geo. Fleetwood 2-2131 


Harry C. SoLomon, M.D. 
Consulting Psychiatrist 


BALDPATE, Ine. 


Located in the hills of Essex County, 30 miles north of Boston 
For the treatment of psychoneuroses, personality 
disorders, psychoses, alcoholism and drug addiction. 


Definitive psychotherapy, somatic therapies, ar apnea milieu-therapy 
under direction of trained occupational and recreational t 


Georgetown, Mass. 


herapists. 


Gerorce M. ScHLOMER, M.D. 
Medical Director 


Founded 1879 


RING SANATORIUM 


Eight miles from Boston 


For the study, care and treatment of emotional, mental, personality and 
habit disorders. 


On a foundation of dynamic psychotherapy all other recognized thera- 
pies are used as indicated. 


Cottage accommodations meet varied individual needs. Limited facili- 
ties for the continued care of progressive disorders requiring medical, 
psychiatric, or neurological supervision. 


Full resident and associate staff. | Courtesy privileges to qualified physicians. 


BENJAMIN Srmon, M.D. 
Director 


Arlington Heights, Massachusetts 


Cuar.es E. Wurrte, M.D. 
Assistant Director 


Telephone MIssion 8-0081 
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Augustus S. Rose, President-Elect JULY 1958 
A. L. Sahs, Vice-President 

Joseph M. Foley, Secretary 

Charles Van Buskirk, Treasurer 


Babinski’s Centenary On June 2 in Paris, during the investiture of 
Celebrated in Paris General Charles De Gaulle, while mobile units 
of helmeted military police cruised the streets 
and concentrated around the Palais Bourbon, the Champs Elysees, 
and on the left bank of the Seine, neurologists from many lands 
quietly assembled at the Hospital of the Salpétriére to celebrate 
the centenary of Joseph Babinski (1857-1932). A delegate from the 
Municipal Council of Paris opened the inaugural sessions in the 
amphitheatre of the Ecole des Infirmieres of the Salpétriére, 
where in 1882 the world's first university chair in neurology was 
created for J. M. Charcot. After the opening remarks, there were 
presentations by Professor Raymond Garcin, President of the French 
Neurological Society, on "Babinski and His Work;" by Sir Francis 
Walshe (London), on "Where to Place Babinski in Modern Neurology ;" 
and by Professor J. Chorobski (Warsaw), who spoke on behalf of the 
Polish Society of Neurology. During the afternoon, 18 delegates 
of national neurologic societies in different countries' individu- 
ally paid solemn homage to the memory of Babinski. The centenary 
was concluded with a stirring eulogy by Auguste Tournay on 
"Babinski in Life." 


French Neurological Society Has On June 3, the day following 
Twenty-second International Reunion the Babinski centenary, the 
French Neurological Society 
(Société Francais de Neurologie) conducted its twenty-second 
International Neurological Reunion at the Salpétriére, with 
President Garcin and A. Tournay presiding. Still in tribute to 
Babinski, who published extensive original studies on the cere- 
bellum, the morning sessions of the international reunion were 
devoted to a symposium on this subject. The rapporteurs of the 
symposium were F. L'Hermitte (the cerebellar syndrome in adults) ; 
S. Thieffry (cerebellar syndrome in children); A. Charbonnel 
(cerebello-vestibular correlations) ; and P. Passouant (cerebellar 
physiology). Following a discussion of these reports, there were 
22 individual communications on the cerebellum in the afternoon 
sessions. The papers presented at the symposium were published 
just prior to the meeting in a monograph by Masson et Cie, 120 
Boulevard Saint-Germain, Paris.... On June 4, the program of the 
1 Eighteen countries and their representatives were: Argentine, J. Beretervide; Belgium, P. van Gehuchten; 
Chile, L. Plaza; Czechoslovakia, K. Henner; Denmark, M. Fog; Hungary, M. Lehoczky; Israel, M. Alfandary; 
Italy, V. Neri; Netherlands, R. Biemond; Norway, G. H. Monrad-Krohn; Portugal, A. Lima; Rumania, H. 


Kreindler; Switzerland, Th. Ott; Turkey, Ihsan Sukru Aksel; United States, P. Bailey; and Uruguay, A. Soriano. 
+ + « » The presentations of Lehoczky and Henner were read by Ludo van Bogaert. 


N FW S | ETT ER AMERICAN ACADEMY OF NEUROLOGY 

Francis M. Forster, President 


International Reunion continued with a day of free communications, 
interrupted at 11:30 a.m. for a convocation at the Hospital de La 
Pitie to affix a medallion of Babinski on the outside wall of his 
old neurologic service (Le Pavillon Benjamin Dalessert). The 
ceremonies were conducted by A. Tournay, who espied and singled 
out from the audience in a moving scene, Mademoiselle Alips, 
Babinski's faithful and devoted chief nurse. On the same day there 
was an official luncheon for the congressionalists at the 
Salpétriére, and that night the official gala banquet was held in 
the Salons de l'Amerique Latine.... Both the Babinski centenary 
and the International Neurological Reunion were organized by the 
French Neurological Society and held under the patronage of the 
French Minister of Foreign Affairs, the French Minister of Public 
Health, and the President of the Municipal Council of Paris.... 
On June 5, the French Neurological Society conducted its regular 
monthly scientific and executive sessions under the direction of 
President Garcin. 


ARNMD Elects Officers The 1958 officers of the Association for 
and Selects 1958 Subject Research in Nervous and Mental Disease 

are: Lee M. Eaton, president; Raymond D. 
Adams, vice-president; G. Milton Shy, vice-president; Rollo J. 
Masselink, secretary-treasurer; and Lawrence C. Kolb, assistant 
secretary-treasurer. Members of the board of trustees are Francis 
J. Braceland and Henry Alsop Riley.... The subject of the 1958 
meeting is "Neuromuscular Disorders" which will be presented in the 
Grand Ballroom of the Hotel Roosevelt, New York City (December 
12-13).... At the time of the December meeting in 1957, the ARNMD 
had a total membership of 865. Of this number, some 744 were 
active, 8 sustaining, 26 senior, and 87 associate members. 


Ellwood Wins Paul M. Ellwood, Jr., of the department of pediatrics 
Exhibit Award and neurology, University of Minnesota, won first 

prize for his scientific exhibit at the tenth annual 
meeting of the American Academy of Neurology held in Philadelphia 
(April 21-27). The exhibit, entitled "Neurologic Examination of 
Infants," illustrated technics and phenomena which are useful in 
the neurologic examinations of infants from the newborn through 
18 months of age. Incorporated in the exhibit was a continuously 
operating silent film which illustrated significant developmental 
patterns and transitory reflex phenomena in the early development 
of the human nervous system, revealing also the detection of 
deviations from the normal by means of a neurologic examination.... 
The second exhibit award was given to R. K. Winkelmann, W. H. 
Hollingshead, and A. H. Bulbulian, from the Mayo Clinic and Mayo 
Foundation, for their exhibit on "Innervation of the Skin: Recent 
Findings in Representative Areas of Human Tissue." The winner of 
the third award was W. H. Oldendorf of the neurology section, 
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Los Angeles VA Hospital, for his exhibit on "Demonstration of 
Internal Carotid Artery Occlusion by Small Dose Arteriography".... 
Chairman of the AAN Exhibits Committee is Louis D. Boshes, 303 East 
Chicago Ave., Chicago, Ill. 


UCP to Hold Annual Brewster S. Miller, medical director of United 
Scientific Sessions Cerebral Palsy, announces that this society 

will hold annual scientific sessions in con- 
junction with their annual meetings. The first of these sessions 
is scheduled for all day Saturday, November 15, 1958, at the 
Mayflower Hotel, Washington, D. C. The theme of this first 
symposium is a critical evaluation of the problem of hemiplegia 
which will be discussed in its medical, surgical, educational, 
vocational, and rehabilitation aspects. One or two overseas guest 
scientists are expected to participate. 


Neurosurgeons to Meet The St. Francis Hotel is to be the site of 
in San Francisco the next annual meeting of the Congress of 

Neurological Surgeons in San Francisco 
(Oct. 29=Nov. 1, 1958). The meeting is to be oriented toward 
recent advances in our knowledge of the posterior fossa. A. Earl 
Walker has been invited to be guest of honor. On Wednesday morn- 
ing, October 29, a one-half day postgraduate course will be given 
on "Practical Electroencephalography for Neurosurgeons".... 
Secretary of the congress is Dr. Richard L. DeSaussure, 899 
Madison Avenue, Memphis, Tenn. 


Foundation for Parkinson's Recently a foundation was formed to 
Disease Organized in New York stimulate research into the cause, 
prevention, and treatment of Parkin- 
son's disease. On the Foundation's Medical Research Advisory 
Board are H. Houston Merritt, chairman; Francis M. Forster; 
William K. Jordan; Russell Meyers; Augustus S. Rose; Robert S. 
Schwab; and S. Bernard Wortis. President of the newly created 
foundation is William Black, president of Chock Full O'Nuts Cor- 
poration; treasurer, Dr. Edgard A. Lawrence, director of the 
department of medicine, Lenox Hill Hospital; and the secretary is 
Lawrence Valenstein, chairman of the board of Grey Advertising 
Agency, Inc. The medical director is Melvin D. Yahr.... Applica- 
tion forms for research grants are now available at the offices of 
Parkinson's Disease Foundation, Inc., 125 East 50th Street, 
New York 22, New York. 


Myasthenia Gravis Foundation The Myasthenia Gravis Foundation 

Plans International Symposium announces plans for a Second Inter- 
national Symposium to be held at the 

Hotel Statler, Los Angeles (April 18-19, 1959) in conjunction with 

the eleventh annual meeting of the American Academy of Neurology. 

The subjects to be highlighted are basic muscle physiology, muscle 
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biochemistry, histology and pathology of the motor endplate, normal 
and abnormal neuromuscular transmission, the influence of drugs 
and other agents on neuromuscular transmission, the relationship 
of the endocrines to myasthenia gravis, and clinical papers on 
care and treatment. Final programming is to be closed in the fall 
of 1958. Communications related to the symposium should be 
addressed to Dr. Kermit E. OSserman, Chairman, Second International 
Symposium on Myasthenia Gravis, 4 East 89th Street, New York 28, 
N.Y..... The first international symposium of the foundation was 
held at the University of Pennsylvania (Dec. 1954), the proceedings 
of which were published in the American Journal of Medicine, 
Volume 19, Nov. 1955. 


German and Swiss Neurosurgeons The 10th annual meeting of the 
To Hold Joint Meeting in Ziirich German Society of Neurosurgery will 

be held jointly with the Swiss 
Society of Neurosurgeons in Ziirich, July 25-26. The program of 
the meeting will include the Otfrid Foerster Memorial Lecture and 
the presentation of the Foerster Medal to Ludo van Bogaert of 
Antwerp; glioblastomas of the cerebrum; and free communications. 
Members of American neurosurgical societies are cordially invited to 
attend the meeting. Information may be obtained from Professor 
Dr. H. Krayenbiihl, Ziirich, Neurochirurgische Universitatsklinik, 
Kantonsspital. 


Briefs George Margolis, professor of pathology at Duke University, 
announces the activation of a training fellowship in 
neuropathology at Duke.... Dr. K. N. Bykov of the Institute of 
Neurophysiology, USSR Academy of Science in Leningrad, recently 
(June 3) lectured at NIH, as did Dr. Albert Szent-Gyorgyi (May 14). 
«+» Professor Dr. Hans Hoff, University of Vienna, announces 
beginning 1958 an Institute for Psychotherapy in the Neuro- 
Psychiatric Clinic of his service.... The Twelfth Connecticut 
Postgraduate Seminar in Psychiatry and Neurology will begin its 
program of lectures on Sept. 18, 1958 and continue through 
April 15, 1959 at the Yale University School of Medicine and the 
Connecticut State Hospital in Middletown. There is no fee for 
these courses. Copies of the program, which includes six sessions 
in pediatric neurology, may be obtained from the Office of the 
Assistant Dean of Postgraduate Medical Education, Yale University 
School of Medicine, 333 Cedar Street, New Haven, Conn. 
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“...in our experience procyclidine (Kemadrin) proved a worthy 
addition to the therapy of parkinsonism, because it afforded relief 
to many patients who had failed to respond to other drugs. It 
exerts an action against all symptoms of parkinsonism ... hence it 

1 may be employed as the basic drug in commencing treatment 

with new cases.” 


Zier, A. and Doshay, L. J.: Procyclidine Hydro- 
chloride (Kemadrin) Treatment of Parkinsonism 
in 108 Patients, Neurology (July) 1957. 


0 “...in our series of 30 severe Parkinsonism sufferers, 21 obtained 
moderate to good relief with the use of this new agent, Kemadrin, 
in combination with other drugs.” 

Lerner, P. F.: Kemadrin, a New Drug for Treat- 


ment of Parkinsonian Disease, J. Nerv. & Ment. 
Dis. 123:79 (Jan.) 1956. 
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Two days ago, 
he was manic, 


hostile, 


aggressive 


... today he is calm, sociable, 


easy to manage 


SPARINE is established as an effective drug for the management 
of patients with acute or chronic mental disturbances. It rapidly 
subdues excitation and facilitates patient contact. 


SPARINE provides prompt control by intravenous administration and 
effective maintenance by the intramuscular or oral route. It is well- 
tolerated by all routes of administration. It has caused no liver damage, 


no parkinsonian-like syndrome, and but rare instances of blood dyscrasia 
or seizures. 


HYDROCHLORIDE Promazine Hydrochloride 


EQUANIL® 
Meprobamate 


— PHENERGAN® HCI Wijeth 
A Wyeth normotropic Promethazine HCl ; (eed 
drug for nearly every SPARINE HCI ® 
patient under stress Promazine HCI Philadelphia 1, Pa. 
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complete integrated facilities for 


ELECTROMY OGRAPHY 


® SINGLE CHANNEL EMG with two-channel magnetic 
tape recorder for recording notes 
Model VE 1.37 and EMG simultaneously. 


@ TWO-CHANNEL EMG permits simultaneous recording 
and study of two EMG poten- 

Model TE 2-7 tials or of one potential together 

with a related physical param- 

eter such as force or pressure. 


®@ Automatic controls and new circuits provide simplified 
reliable operation without shielded rooms in most loca- 
tions. ® EMG potentials faithfully reproduced by special 
recorder circuits. ® Specifications equal or surpass require- 
ments for research, teaching and clinical use. 


NEW rugged COAXIAL NEEDLE ELEC- 
TRODE withstands autoclaving, has tapered 
shaft, 26 gauge at tip, insulated handle. 


[inne rein 


CORPORATION New York 


HALL-BROOKE 
An Aedive Treatment Hespital 


A licensed private hospital devoted to active treatment, analytically- 
oriented psychotherapy, and the various somatic therapies. 

A high ratio of staff to patients. 

Large occupational therapy building with a trained staff offers 
complete facilities for crafts, arts and recreation. Full program of 
outdoor activities. 

Each patient is under constant, daily psychiatric and medical 
supervision. 

Located one hour from New York on 120 acres of Connecticut 
countryside. 


HALL-BROOKE 
Greens Farms, Box 31, Conn., Tel.: Westport, CApital 7-5105 
George S. Hughes, M.D. Robert Isenman, M.D. 
Leo 


. Berman, M.D. ohn D. Marshall, Jr., M.D. 
Alfred Berl, M.D. eter P. Barbara, Ph.D. 
Louis J. Micheels, M.D. Heide F. and Samuel Bernard, Administration 


New York Office: 33 East 74th St. LEhigh 5-5155 
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Meprobamate* 
brought symptomatic 
relief to 105 of 145 
psychiatric patients 
“representative 

of the entire 

hospital population,” 
70 of whom 

obtained pronounced 
to moderate relief. 


1.Graffagnino. P. N., Friel, P. B. 
and Zeller, W. W.: Emotional 
disorders treated with 
meprobamate and promazine. 
Connecticut M. J. 21:1047, 

Dec. 1957. 
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Clinical excerpts 


Use of meprobamate . 
in chronic 
psychiatric 
patients 


series 


SYMPTOMATIC IMPROVEMENT 


(hospitalized patients—all types) 


by disease by symptom 
NO. OF | NO. NO. 
PATIENTS| IMPROVED SYMPTOM IMPROVED 
SCHIZOPHRENIA 
PARANOID SLEEP 
NON-PARANOID DISTURBANCES 36 
DEPRESSION 
PSYCHOTIC ANXIETY 30 
NEUROTIC 
ANXIETY STATE 
CHARACTER DISORDERS AGITATION 
OTHERS OTHERS 


the original meprobamate 
discovered and 


WALLACE LABORATORIES 
New Brunswick, N. J. 


«alleviates anxiety i in chronic psychiatric 
patients « facilitates psychotherapeutic 
rapport improves disturbed ward be- 
havior « suitable for prolonged therapy 
. no liver or renal toxicity reported * « free 
autonomic effects. 


TOTALS 145 105 TOTAL 116 
{Relief mainly in symptoms of anxiety, tension and insomnia. 


| Catfeine : 30 mg. 
Demersi” hydrochloride. 20 mg. 


Adublt Dow... or 2 tablets 


repectad 4s three or four hourg needed. - 


e Merked potentiation of analgesia 
plus  mikd sedation 
onlispasniodic action 
antipyret’s action 
Constipation 
with micturilion 


"Such a combination has proved clinically to 
be far more effective and no more toxic than 
equivalent doses of any of these used singly." 


Bonica, JJ.; and Backup, P.H. (Tacoma General Hospital, 
Washington): Northwest Med., 54:22, Jon., 1955. 
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